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THE  PREPARATION  AND  SOME  PEATURES  OF  THORIUM  SULPIDES 
G.  V.  Samsonov  and  N.  M.  Popova 


The  sulfides  of  thorium  form  an  interesting  group  ol  compounds,  and  the  study  of  their  properties 
leads  not  only  to  their  use  in  eertain  branches  of  technology  but  also  to  definite  conclusions  on  the  nature 
of  the  chemical  bond  in  the  sulfides  of  transition  metals.  'Hie  reaction  ol  the  7h  atom,  which  has  an 
incomplete  inner  5f  -  electron  level  (  1  electron  out  of  14  )  ,  witli  sulfur,  whose  atoms  give  up  the  outer  s  - 
and  p  -  electrons  comparatively  easily  (  the  first  ionization  potential  of  sulfur  equals  10,31  ev  >  ,  miglit  be 
expected  to  lead  to  the  setting  up  of  an  electronic  interaction  in  the  Th  and  S  atoms,  wliich  would  result  in 
the  formation  of  a  metallic  bond  and  give  them  their  characteristic  metallic  properties,  in  a  similar  fashion 
to  that  which  obtains  in  the  carbides,  borides,  nitrides  and  in  particular  the  silicides  of  the  transition  metals, 
with  this  one  difference,  that  covalent  bonds  between  the  Si  atoms  play  a  definite  part  in  the  silicide  structures, 
whereas  in  the  sulfides  the  role  of  the  i  ova  lent  S-S  bonds  is  relatively  slight. 

Similar  conclusions  may  be  reached  by  applying  to  the  thorium  sulfides  the  criterion  l/Nn,  established 
by  us  earlier  [1],  where  N  is  the  principal  quantum  number  and  n  the  number  of  electrons  in  the  incomplete  sub- 
level.  For  3h  this  factor  equals  0J2,  while  for  Ti,  for  e.xarnplc,  it  is  only  0.167  and  for  Zr,  0.125  etc., 
which  leads  to  a  fairly  real  probability  that  the  outer  electrons  of  the  sulfur  enter  the  f- level  of  the  thorium. 

The  radius  of  the  sulfur  atom,  however,  is  large  by  comparison  with  the  radii  of  the  atoms  of  B,  C,  and  N, 
which  excludes  the  possibility  of  compound  formation  involving  interstitial  phases  —  the  compounds  should 
consist  of  substitutional  phases.  This  should  considerably  reduce  the  "  interlocking  ’*  of  the  planes  of  the 
metallic  lattice  and  as  a  result  should  bring  about  a  decrease  in  hardness  and  brittleness  and  an  increase  in  the 
plasticity  of  the  thorium  sulfides,  in  spite  of  the  considerable  strength  of  the  bond  between  the  atoms  of  Th  and  S. 
It  must  also  be  assumed  that  solubility  of  S  in  Th,  i.e,,  the  extent  of  a  metallic  phase,  is  very  insignificant. 

1  he  existence  of  four  sulfides  of  thorium  is  indicated  in  the  literature:  ThS,  Th4S7  (or  ThTS^),  111283 
and  ThS2.  The  composition  diagram  for  Th  -  S  has  not  been  studied,  so  that  the  question  of  whether  one  or 
other  of  the  thorium  compounds  is  ac:tually  present  can  only  be  judged  on  the  basis  of  preparative  works,  of 
which  the  most  significant  is  [2J,  A  survey  of  tlic  properties  of  thorium  sulfides  is  given  in  the  works  [2-lOJ, 
and  some  data  from  these  are  given  In  Fable  1. 

The  following  somewhat  fragmentary  data  are  given  in  the  literature  on  the  preparation  of  thorium 
sulfides . 

The  thermal  dissociation  of  higher  sulfides  [2J.  In  tlie  dissociation,  a  reactor  with  controlled  pressure  is 
used  and  by  altering  the  pressure  it  is  possible  to  vary  the  'Ih:S  ratio  in  the  products  obtained.  Using  this 
method,  for  example,  the  sulfide  Th4S7  is  obtained  by  the  dissociation  of  ThS2  or  of  thorium  polysulfide  ThS^. 

It  is  pointed  out  in  the  patent  literature  [llj  that  the  decomposition  of  ThS2  by  heating  for  3  hours  at 
1900-2000*  and  10  ®  mm  pressure  yields  sulfides  with  S:Th  ratio  ~  1.75. 

Heating  higher  sulfides  ^th  tlwiinn  or  thorium  hydride.  According  to  the  data  in  [11  |,  ThS  may  be 
obtained  by  heating  a  stoichiometric  mixture  of  ThS2  and  Th  at  1850-1900°  below  atmcspheric  pressure  for  30 
minutes.  When  the  briquet  is  ground  to  powder  and  heated  again  under  the  same  conditions  tlie  reaction  goes 
to  completion  and  the  product  is  obtained  as  one  phase. 

Heating  Th,  thorium  carbide  or  ThH4  with  sulfur  or  hj^^ogen  sulfidd .  hi  the  work  described  in  [2J,  the 
preparation  of  1 1182  was  carried  out  by  heating  a  mixture  of  Th  (  in  the  form  of  turnings)  and  sulfur  under 
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Ci-  rtain  Properties  of  1  horium  Sulfides 

I  Sulfides 


Property 

TIiS 

Th,.S,  or  Th,S„ 

ThS, 

1 

ThjSj 

Color 

Grey  with 
metallic  luster 

Red 

Yellow-brown 
[6]  to  black 

Brown 

[5] 

[7] 

Crystal  structure 

NnCI(21 

Hexagonal  [10] 

Rhombic  [5] 

Rhombic  [5] 

Lattice  parameters  I 
(A)  1 

4.674  (2] 

5.671  |’"| 

«  =  11.041 

C-— 3.983  ["'J 

«7  4.259 

6  =3  7.249  fi"] 

c  =  8.600 

a  ^  10.97 

6  =  10.83  [>o] 
r  =  3.95 

9  / 

Density  (g/cm  )  | 

8.91  |2| 

9.56  |r-) 

6.91  [2] 

7.30  [2] 

7.36  ('■>] 

9.57-9.69  [2] 

Melting  point  / 

("O  * 

■  2500  («1 
2200  (•'■>) 

~  2300  [»] 
1770±30['i] 

2203  [S] 

1905  p] 

—2300  [«] 
1900-2000  p] 

Heat  of  formation 

120  H:  50  PI 

665  '  35  P] 

170  ±20  P] 

306  P] 

(kcal/molc) 

Vapor  pressure  | 

(mm  Hg)  1 

lO--'  at 
2200°  I"] 

— 

43  at  651°) 
163  at  713°)[2] 
382  at  754°) 

Magnetic 

properties 

Diamagnetic  | 

Diamagnetic 

pressure  for  18  hours  at  600*.  100  hours  at  780  -  800",  after  which  it  was  cooled  over  a  period  of  several  houis 
(6-8  hours).  In  the  same  way  thorium  polysulfides  with  a  sulfur  content  up  to  an  apparent  formula  ThSu, 
have  been  prepared  The  reference  book  [  6  J  indicates  the  possibility  of  preparing  the  sulfides  ThS2  and 
Th3S7  by  the  dirctt  union  of  Th  and  S  at  600  -  800".  Thorium  sulfides  arc  also  obtained  by  heating  stoi¬ 
chiometric  quantities  of  ThH4  and  H2S  at  400  -  500"  below  atmospheric  pressure  or  by  heating  ThSj  with 
partly  decomposed  hydride  and  with  H2S  at  500  -  600"  [121,  As  a  variation  of  the  method  of  synthesis,  the 
preparation  of  thorium  sulfides  by  heating  ThO^  in  the  presence  of  carbon  in  a  stream  of  H2S  [9]  or  by 
heating  1hC2  sulfur  [13]  has  been  suggested.  References  to  the  older  descriptions  of  these  methods  are 
given  in  the  monograph  [5]. 

Heating  thorium  chlorides  with  H2S .  Duboin  [  14  ]  and  Kruss  [  15  ]  have  prepared  thorium  sulfides  by 
the  action  of  H2S  on  a  mixture  of  the  chlorides  of  thorium  and  sodium;  the  products  obtained  in  this  way  were 
contaminated,  according  to  their  data,  by  oxysulfides.  The  same  method  is  recommended  in  a  patent  [  9  ], 
where  the  use  of  sulfur  in  place  of  hydrogen  sulfide  is  suggested  as  an  alternative. 

There  are  also  descriptions  of  methods  of  preparing  thorium  sulfides  by  the  action  of  carbon  disulfide 
and  hydrogen  on  thorium  dioxide,  and  also  by  the  action  of  carbon  disulfide  on  a  mixture  of  thorium  dioxide 
and  carbon  [  5  ]. 


EXPERIMENTAL  * 

The  aim  of  our  work  was  to  render  more  precise  the  method  for  preparing  sulfides  of  thorium  by  the 
direct  union  of  thorium  and  sulfur 

The  starting  materials  were  thorium  powder  with  a  Th  content  of  99.8  7o  and  carefully  purified  flowers 
of  sulfur.  In  the  study  of  the  preparation  conditions  for  the  sulfides,  four  mixtures  were  taken  corresponding 
to  the  conditional  formula  ThS^  ,  where  x  =  1.00,  1.25,  1.50,  2.00.  The  samples  were  placed  in  porcelain 
boats  set  up  in  a  tube  furnace  with  a  porcelain  tube  through  which  an  uninterrupted  stream  of  hydrogen 
sulfide  was  passed.  The  boats  were  set  up  in  the  furnace  at  the  temperatures  given.  The  first  series  of  ex¬ 
periments  was  carried  out  at  temperatures  from  400  -  850"  at  intervals  of  50  -  IOC  ,  each  experiment  lasting 
ior  30  minutes.  In  part  of  the  experiments  the  products  obtained  were  cooled  in  air,  and  in  part  they  were 
cooled  in  a  stream  of  H2S. 

•  LXJ'  Kurova  took  part  in  the  experimental  part  of  the  work. 


2 


The  results  obtained  In  this  way  arc  given  in  Figure  1,  from  which  It  is  seen  that  with  the  products  cooled 
in  air  the  sulfur  content  rises  with  temperature,  reaching  a  maximum  value  at  60(f .  When  the  temperature 
is  raised  furtlicr  the  sulfur  content  in  the  products  is  somewliat  lowered.  At  the  same  time  all  the  products 
contain  oxygen  (  the  sum  Th  +  S  total  =  92  -  W’/n),  which  either  is  not  removed  during  the  heating  process 
or  enters  the  products  during  the  cooling  process. 

In  none  of  the  products  docs  the  sulfur  content  reach  that  required  by  the  formula  ThSj,  but  varies 
between  the  limits  TliSj,*  and  ThSi^g. 


T  emperature 

Fig.  1.  The  relationship  between  the  chemical  composition  of  thorium 
sulfide  and  temperature  (  maintained  for  30  minutes  ). 


0  30  SO  ISO  180  21*0 


Time  of  heating  (minutes) 

Fig.  2.  't  he  relationship  between  the  chemical  composition  of 
thorium  sulfide  and  the  time  of  heating  (  temperature  60(T  ). 
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Wlicii  the:  reaction  products  arc  ciK)lcd  in  a  stream  of  Iiydrogcn  sulfide,  tlic  sulfur  content  is  raised  shaqily, 
while  tlic  sum  of  the  coiiccutratious  Th  +  reaches  100'’/o,  particularly  in  the  experimeuLs  carried  out  at 

GOO*.  The  composition  of  the  prodticts  obtained  in  this  way,  assuming  that  no  free  tliorinm  is  present  (which 
is  confirmed  by  x-ray  analysis),  may  be  expressed  by  the  formula  ThS  5  i.e.  1h2S3.  It  should  be  noted  that 
in  spite  of  the  identical  conditions  under  which  the  cxperimcnis  were  carried  out,  the  variation  in  the  com¬ 
position  of  the  products  is  considerable,  which  suggests  the.  effect  of  kinetic  factors,  stich  as,  for  example,  the 
thickness  of  the  layer  of  the  charge,  the  unifoniiity  of  the  charge  in  the  boat,  tire  degree  of  mixing  of  the 
components,  etc. 

Since  the  greater  part  of  the  total  sulfur  in  the  products  is  in  the  combined  state  and  the  free  sulfur 
concentration  is  small  (0.3  0.5"/)),  tire  deficiency  of  sulfur  relative  to  the  formula  ThSj  in  the  experiments 
carried  out  from  beginning  to  end  in  a  current  of  H2S  can  only  be  explained  by  the  relatioaship  between  the 
rate  of  volatilization  of  the  sulfur  and  tlie  synthesis  reaction  rate.  At  a  temperature  oi  600*  the  first  process 
evidently  predominates,  whereas  at  800*  its  influence  is  somewhat  less.  The  boiling  point  of  sulfur  is  444  .G*, 
so  that  when  the  experiments  are  carried  out  at  400,  500”  and  above,  partial  volatilization  of  the  sulfur  is 
unavoidable.  From  this  point  of  view  it  is  expedient  to  carry  out  the  synthesis  reaction  under  increased 
pressures  (which  was  not  doncin  the  present  work)  or  for  very  long  periods  of  time  at  temperatures  below  400"  . 
The  time  required,  according  to  the  data  in  [2],  is  100  -  200  hours. 

'I  he  next  series  of  experiments  was  carried  out  with  the  same  mixture  at  600*,  but  die  time  of  heating 
was  changed  from  30  to  240  minutes  (Figure  2).  VVlien  the  time  of  heating  is  increased  from  30  to  60  minutes, 
the  sulfur  content  in  the  products  increases  slightly  from  TliSj  22  to  ThSj  5,  after  which  it  falls  regularly  with 
increasing  time  of  heating.  The  sum  Th  +  S^gtal  simultaneously,  i.e.,  the  concentration  of  oxygen  in 
the  samples  increases,  T  his  indicates  the  influence  of  a  slight  but  constant  diffusion  of  oxygen  into  die  furnace, 
probably  through  the  porcelain  tube  in  which  the  boat  is  arranged  for  heating. 

The  results  of  experiments  carried  out  at  800*  for  30  minutes  with  varying  sulfur  concentration  in  the 
starting  mixture  (Figure  3)  show  that  the  most  stable  compounds  of  Th  +  S  widiin  the  limits  of  composition 
indicated  are  ThS  and  Th2S3.  (In  the  first  case  instead  of  ThS  the  product  TIiSq  9  was  obtained,  in  the  second 
case  -  Th2S3  2  instead  of  Th2Sj.  The  mixture  Th  +  2S  yielded  the  product  Th2S3  j2  and  not  ThS,  which  lead.s 
to  the  indirect  conclusion  that  Th2S3  is  the  more  stable.  Evidence  for  this  is  also  provided  by  the  results  of 
experiments  widi  die  mi.xture  Th  +  2S  carried  out  with  varying  temperature  and  sulfidization  times.  Many  of 
the  specimens  prepared  were  subjected  to  x-ray  analysis  with  copper  K  a-radiation  and  exposures  of  6-8  hours. 


1  ABLE  2 

Sintering  of  ThS  and  Th2S3  with  Hot  Compression  at  350  kg^cm^ 
Pressure  _ _ 


Sulfide 

Sintering  j 
tempera¬ 
ture  ! 

Time  of 
sintering 
(in  minutes) 

1 

|Dcnsity 

Re.sidual 

porosity 

(%) 

1 

1650"  i 

8 

4.94 

48.8 

1750 

5 

i  5.72 

40.6 

1  n2^.T  j 

1960 

8 

7.66 

20.3 

1 

2100 

Melted 

1  “ 

— 

1 

1810 

5 

!  5.82 

34.8 

2030 

1  8 

8.53 

4.2 

1  ho  \ 

2160 

8 

7.47 

16.1 

l 

2230 

Melted 
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Hie  specimens  of  composition  ThSi,,^  with  Th  +  S  content 
(rem.iiiuler  oxygen)  were  found  to  have  the  NaCl  type 
lattice,  as  in  pure  TliS,  but  witli  a  greater  period  than  ThS,  namely 
5.Gir>  A.  The  product  is  evidently  thorium  oxysulfide  with  com¬ 
position  ~  Till. sS|,jC). (The  existence  of  an  oxysulfide  I  hOS  is 
indicated  in  the  literature  (b).,  T  he  ThS  specimens  containing 
no  oxygen  were  found  to  have  peritxls  of  4.GG-4.r>y  A,  i.e.,  values 
close  to  those  given  in  the  literatuic  [2]  for  the  period  of  pure  ThS. 

X-ray  anaiysis  of  the  sulfides  ThSx.  where  x=i  L22-1.5fl, 
shows  (rigtire  4)  that  the  sulfide  111283  is  homogeneous,  at  least  in 
the  region  from  bb  to  G2  atomic  7" sulfur,  i.e.,  it  is  a  typical  com¬ 
pound  of  intermediate  compositiott.  I  lie  line  diagram  of  1h2S3 
agrees  well  with  tlic  line  diagram  of  this  compotind  given  in  the 
literature  f2J. 

Finally,  certain  physical  properties  of  the  thorium  sulfides 
I  hS  and  111283  were  determined.  I  he  inciting  points  of  these  com¬ 
pounds  were  determined  using  tlie  method  of  direct  observation  of 
•he  specimens  melting,  as  described  in  [16J. 

From  this  it  was  established  that  both  sulfides  melt  without 
noticeable  decomposition  at  the  temperatures:  ThS~  2400-24b0* 
and  Th2vS3  ~  2300®,  which  provides  fairly  good  confirmation  of  the 
cailier  data  in  [8]  and  docs  not  agree  with  the  data  given  in  the 
monograph  by  Seaborg  and  Katz. 

For  the  study  of  the  microstructiirc  and  microhardness  of  th'^riuni 
sulfides,  compact  samples  were  prepared  from  them  by  sinterii’;  < 
powders  by  hot  compression  in  a  press  whose  construction  is  described 
in  the  reference  [17J. 

The  results  obtained  in  this  way  are  given  in  Table  2. 

From  these  data,  and  also  from  observations  during  the 
sintering,  it  can  be  seen  that  the  sulfides  react  with  the  graphite  of 
the  compression  mold  at  temperatures  below  those  required  to  con¬ 
vert  the  specimen  to  the  compact  condition;  in  this  respect  ThS  is  evidently  the  more  stable. 

I  he  specimens  of  Th2S3  sintered  at  temperatures  l!)60-2000®  have  a  structure  consisting  of  two  phases, 
showing  the  separation  of  well-defined  polyhedra  against  a  background  of  mother  solution  (Figure  5),  which 
indicates  that  111283  decomposes  on  sintering. 

Measurement  of  the  microhardness  was  carried  out  on  powder  particles  embedded  in  polymerized  bake- 
lite,  and  also  on  microsections  of  the  sintered  samples  and  of  the  same  samples,  when  these  had  been  care¬ 
fully  annealed  (Table  3). 

Attention  is  drawn  to  the  considerable  internal  stresses  which  arise  during  sintering  by  hot  compression 
and  which  are  difficult  to  eliminate  in  the  subsequent  annealing,  and  also  to  the  dependence  of  the  micro¬ 
hardness  numbers  on  the  load  on  the  diamond  pyramid  of  the  PMT-3  apparatus.  This  underlines  yet  once  more 
the  considerable  plasticity  of  the  thorium  sulfides.  I  hc  properties  of  the  compounds  of  transition  metais  witli 
a  large  deficiency  of  electrons  in  the  t[-  or  X" level  (1  i,  Zr,  Ilf,  Th,  V)  change  regularly  along  the  scries: 
silicides  >  phosphides>  sulfides,  as  a  re  sult  of  the  common  bond  type  between  the  atoms  of  metal  and  metal¬ 
loid  and  the  identical  bond  type  Iwtween  the  atoms  of  the  metalloid,  whose  stability  decreases  from  the 
silicides  [18,  19J  to  the  phosphides  [2()J  and  then  to  die  sulfides.  The  sulfides  of  transition  metals  with  a 
slight  deficiency  of  electrons  in  the  inner  levels  (Nb,  Ta,  Cr,  Mo,  W,  U)  approach  ionic  compounds  in  the  bond 
type  between  the  atoms  of  the  metal  and  metalloid.  In  this  respect  it  is  interesting  to  make  a  study  of  these 
compounds  and  also  of  the  chlorides  and  oxides  of  thorium,  titanium  etc.,  in  which  indications  should  be 
found  of  the  presence  bl  metallic  bonds  between  the  atoms  of  the  metal  and  chlorine  or  oxygen. 


mixture 


Fig.  3.  Relationship  between  the 
chemical  composition  of  thorium 
sulfide  and  the  concentration  of 
sulfur  in  the  starting  mixture. 
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Sulfide 

Powder 

particles 

Sintered 

specimen 

Sintered 

specimen 

after 

annealing 

ThS.  .  .  . 

143.4  ±29 

800±81.6 

t 

363  ±39.8 

(5g> 

(30g) 

(20g) 

FhgSg*  .  . 

171.1  ±29.91 
(5g) 

539  ±45 
(30  g) 

227  ±28  (5g) 

•  For  the  predominant  phase  in  the  chemical  com¬ 
pound  in  the  ThjS,  specimens.  SUMMARY 


Fig.  5.  Microsection  of  a  sintered  specimen 
of  ThjSa  (X  596). 


1.  The  conditions  for  preparing  thorium  sulfides  by  the  direct  combination  of  thorium  and  sulfur  have 
been  made  more  precise. 

2.  It  has  been  shown  diat  the  rnost  stable  sulfide  phases  of  the  Th-S  system  are  ThS  and  Th2S3,  while  it 
has  been  established  that  in  the  formation  of  ThS,  oxygen  may  enter  the  lattice  together  with  the  sulfur,  thus 
bringing  about  an  increase  in  the  period  of  the  lattice.  It  has  also  been  observed  that  the  compound  Th2S3  is 
a  phase  of  intermediate  composition,  homogeneous  at  least  between  ThSi,22  io  ThS^g. 

3.  The  melting  points  of  ThS  and  Th2S3  have  been  made  more  precise,  their  micrdiardness  numbers 
have  been  determined,  and  a  connection  has  been  shown  between  the  properties  of  the  thorium  sulfides  and 
those  of  other  analogous  compounds  of  the  transition  metals  with  metalloids. 


l,n  ERA'r  UUE  CTTEI) 


LU  G.  V.  Samsonov,  Prot:.  Acid.  Sci.  USSR  DS,  GSO  (li)5S). 

[2)  E.  E.  Strotzor  and  M.  Zumbiisch,  Z.  anorg.  ii.  allgcni.  Chem,  247,  415(lf)4  I). 

[3]  G.  Jaeger,  Mctall.  1),  SSS  (IDSS). 

[4  1  E.  Eastman,  I,  Brewer,  A,  Bromley,  R.  Gilles  and  N.  Longfreeii,  J.  Am.  Chem.  Soc.  34,  128(11)51). 

[5]  The  Actinidesredited  by  G.  Seaborg  and  J.  Katz  (Foreign  Lit.  Press,  1955),  p.  75. 

[6]  M.P.  Slavinsky,  The  Physicochemical  Properties  of  the  Elements  (Metallurgical  Press,  1952).  ** 

[7]  B.  V.  Nekrasov,  A  General  Clicmistry  Course  (State  Chem.  Press,  1952).** 

[8]  L.  Brewer,  et  al,, Thermodynamic  Data  of  Miscellanous  Materials  (New  York,  1948). 

[9]  U.  S.  Patent  No.  7914G6  (1949). 

[10]  W.  Zachariasen,  Acta  Cryst.  2,  189  (1949). 

[11]  U.S.  Patent  7914G9  (1950). 

[12]  U.S.  Patent  7914G8  (1950). 

[13]  H.  Moissan,  A.Etard,  Compt.  rend.  122,  573  (189G);  Ann.  chim.  et  phys.  (7)  12,  497  (1897). 

[14]  A.  Duboin,  Compt.  rend.  14G,815  (1908). 

[15]  G.  Kmss  and  C.  Volck,  Z.  anorg.  Chem.  5,  75  (1894). 

[IG]  G.  V.  Samsonov,  E.  V.  Petrash,  Metallography  and  the  Treatment  of  Metals  (1955),  1,  19. ** 

[17]  The  Working  of  Solid  Alloy  Tailings.*tTsITElN  Library,  1943),  No.  1. 

[18]  H.  Wallbaum,  Z.  Metallkunde  33,  378  (1941). 

[19]  G.  B.  Boky,  Introduction  to  Crystal  Chemistry  (Moscow  State  University  Press,  1954),  p.  327.** 

[20]  N.  Schonberg,  Acta  Cliem.  Scand.  8,  226  (1951). 

Received  February  16,  1956  The  Moscow  Institute  of  Gold  and  Nonferrous  Metals 


*  Russian  translation. 

••  In  Russian. 


7 


THE  PREPARATION  OF  BARIUM  C  IS_B  OROT  U  NG  ST  A  T  E 


E.  A.  Nikitina  and  O.  N.  Sokolova 


Borotungstic  acid  with  general  foriTinla  Hg(B(W207)5]  •  H2O  is  known  in  two  forms  possessing  different  properties 
corresponding  to  each  of  these  forms  is  a  series  of  salts  of  identical  composition  but  with  different  physico¬ 
chemical  properties.  As  a  result  of  this  it  is  difficult  to  say  that  the  borotungstic  acids  are  different  hydrated 
forms  of  one  and  the  same  heteropoly  acid.  There  is  much  more  justification  for  considering  them  as  two- 
layer  isomeric  cis-  and  trans- borotungstic  acids  in  which  the  central  boron  ion  is  surrounded  octahedrally 
(according  to  Pfeiffcr)by  non- equivalent  oxygen  ions: 


Cis- form  Trans- form 


The  borotungstates  (hereafter  referred  to  as  the  B.T.)  are  the  most  difficult  of  the  heteropolycompounds 
of  the  saturated  series  to  prepare,  and  their  analysis  is  also  extremely  complicated.  It  is  therefore  not  sur¬ 
prising  that  in  the  earlier  literature  [1]  formulas  are  given  for  one  and  the  same  compound  with  the  different 
B:WOi  ratios  =  1:9,  1:12  and  1:14. 

Recently,  Souchay  [2]  has  indicated  the  existence  of  B.T.  salts  of  the  11  series,  but  these  data  require 
further  experimental  confirmation. 

EXPERIMENTAL 

a)  1  he  synthesis  of  sodium  borotungstate.  Sodium  borotungstate  was  used  as  the  starting  material  for  the 
synthesis  of  the  remaining  B.T.’s. 

According  to  the  literature  data,  the  process  of  complex  formation  between  the  BO*"and  WO^  ions  is  a 
reaction  taking  some  time  for  completion,  is  not  always  reproducible,  and  requires  a  quantity  of  HsBO^  100  times 
in  excess  of  that  calculated  according  to  the  equation 

2H3BOb  +  24Na2W04  +  38  HCl  =  2Na5H4[B(W207)6]  +38NaCl  +  18H20. 

Repeated  recrystallization  is  necessary  to  obtain  the  sodium  B.T.  in  the  pure  state,  and  this  introduces  a 
number  of  difficulties. 

The  experiments  carried  out  by  us  fiave  shown  that  the  formation  of  the  complex  goes  to  completion  even 
with  stoichiometric  amounts  of  Na2W04  +  HsBOj,  which  considerably  simplifies  the  main  process-  tlie  form¬ 
ation  of  the  anion  [B(VV207)5j^^; 

The  method  worked  out  by  us  for  the  preparation  of  sodium  B.T.  was  as  follows:  100  g  Na2W04* 
•2H2O  was  dissolved  in  300  ml  boiling  water;  1.55  g  HSBO3  was  dissolved  separately  in  25  ml 
water  heated  similarly  to  boiling  point,  and  the  two  solutions  obtained  were  poured  together.  Con¬ 
centrated  hydrochloric  acid  (70-75  ml)  was  slowly  added  dropwisc  by  hand  to  the  boiling  solution 
of  the  mixed  components,  with  continued  heating  and  vigorous  stirring,  to  an  acid  reaction  with  Congo 


red  (ph  approximately  3.5).  The  solution  oi)talncd  was  heated  for  18  hours,  keeping  the  volume  constant  (by 
adding  water).  At  the  end  of  this  time  the  sodium  B.T.  solution  was  filtered  from  the  slight  precipitate.  The 
volume  of  solution  after  filtration  was  approximately  300  ml  (d201.3a-l.32).  Such  a  solution  contains 
approximately  75  g  sodium  B.T. 

b)  The  synthesis  of  barium  borotiingstate.  Two  barium  salts  of  borotungstic  acid  arc  known  from  the 
literature:  barium  cls-B.T.-  the  water-soluble  salt  —  and  barium  trans-B.T.-  a  compound  soluble  with 
difficulty. 

The  method  for  preparing  barium  B.T.  described  in  tlic  literature  involves  tlie  action  of  a  laige  excess 
of  barium  chloride  on  a  solution  of  sodium  B.T.  The  barium  salt  of  the  trans-form  separates  as  a  precipitate 
which  is  increased  on  cooling  and  is  easily  separated  from  the  solution.  The  precipitate  is  washed,  separated 
and  dispersed  in  boiling  water  to  which  hydrochloric  acid  is  added  (1  part  HCl  to  3  parts  moist  precipitate 
and  10  parts  water).  The  whole  is  then  boiled  and  evaporated  to  dryness  on  a  sand  bath;  this  leads  to  partial 
decomposition  of  the  compound  with  the  formation  of  H2WO4  .  The  barium  B.T.  obtained  is  again  treated 
with  water  and  a  few  drops  of  MCI,  the  solution  filtered  from  H2WO4  and  crystallized.  The  salt  is  obtained  in 
the  form  of  large  square-octahedra. 

Barium  cis-B.T.  is  prepared  by  the  action  of  BaCO^  on  sodium  B.T.  solution;  the  difficultly  soluble 
barium  trans-B.T.  is  precipitated  leaving  in  solution  sodium  carbonate  and  the  salt  of  the  cis-acid, 
which  crystallizes  out  on  evaporation.  Repeated  recrystallization  of  the  salt  is  required  to  obtain  the  barium 
B.T.  in  a  pure  state;  its  27-  and  29-hydrates  arc  known. 

in  the  first  series  of  experiments  we  attempted  to  prepare  barium  B.T.  from  sodium  B.T.  directly.  To 
achieve  this,  barium  chloride  was  added  to  the  original  solution  of  the  sodium  salt  in  the  amount  calculated 
for  the  formation  of  the  penta-substltuted  salt. 

After  2-3  hours  the  precipitate  of  barium  trans-B.T.  obtained  was  filtered  off  and  the  filtrate,  containing 
the  barium  salt  of  the  cis-acid,  was  subjected  to  fractional  crystallization;  pure  barium  B.T.  could  not,  how¬ 
ever,  be  obtained  by  this  method. 

In  the  second  series  of  experiments  a  mixture  of  cis-  and  trans-B.T.  acids  was  separated  from  tlie  sodium 
B.T.  solutions  with  ether,  and  on  treatment  of  the  acid  mixture  with  barium  carbonate  the  soluble  cis-B.T. 
salt  was  obtained.  The  extraction  of  the  B.T.  acid  with  ether  is  a  difficult  operation.  It  was  established  that 
the  greatest  yield  of  B.T.  acid  (75-90%)  is  obtained  when  the  concentration  of  the  sulfuric  acid  is  65% and  the 
volume  of  It  taken  equals  that  of  the  original  sodium  B.T.  solution.  But  even  in  these  conditions  the  ex¬ 
traction  of  the  complex  is  not  always  reproducible. 

In  the  third  series  of  expeiiments  the  synthesis  of  the  sodium  B.T.  was  carried  out  in  sulfuric  acid.  The 
B.T.  acid  was  extracted  as  tlie  complex  with  ether  as  described  for  the  preceding  series  of  experiments,  and 
mixed  with  water.  The  extraction  of  the  complex  under  these  conditions  took  place  without  decomposition. 

In  order  to  find  the  optimum  conditions  for  the  preparation  of  barium  B.T.,  experiments  were  carried  out 
in  which  the  salts  were  separated  from  acid  solutions  of  different  concentration.  In  each  experiment  25  ml  sodium 
B.T.  solution,  10  ml  ether  and  25  ml  65%H2S04  were  used  for  the  extraction  of  the  ether  complex.  The  complex 
obtained  was  mixed  with  water,  the  acid  neutralized  with  BaCOj  to  the  formation  of  the  5-substituted  salt  and 
filtered  from  the  precipitate  of  barium  trans-B.T.  The  analysis  of  the  filtrate  indicated  the  relative  concentra¬ 
tions  5BaO*  B20s*  24WO3.  The  analysis  results  are  given  in  Table  1. 

In  experiments  5  and  6  the  solutions  remained  turind  after  2  recrystallizations,  and  on  the  following  day 
(i.e.  after  16-18  hours)  a  slight  precipitate  of  H2W04had  appeared  in  them  (onset  of  decomposition).  In 
experiments  3  and  4  the  yield  of  salt  was  practically  the  same  but  the  solutions  were  stable  on  prolonged 
statxling.  The  solutions  from  experiments  3  and  4  were  combined  and  evaporated  on  a  boiling  water  bath;  the 
crystals  obtained  were  analysed  to  find  the  H2O  and  BaO  contents  with  the  results  H2O-  12.44%,  BaO_  12.26% 
(BaO  calculated  for  the  salt  without  water  of  crystallization  11.98%).  The  salt  obtained  corresponded  to  the 
formula  Ba5Hg[B(W207)«fe  *  46H2O. 
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TABLE  1 


The  Reparation  of  Barium  B.T.  solutions 


Specimen 

No. 

Quantity  of 
water  (mi) 

Solution 

obtained 

(g) 

Concentra¬ 
tion  of 
oxides  in 
solution 
(%) 

Cone,  of 

salt(g/100g 

solution) 

1 

25 

25 

8.92 

2.20 

2 

50 

40 

7.90 

3.80 

3 

60 

64 

6.22 

3.98 

4 

60 

63 

4.48 

4.08 

5 

75 

75 

5.48 

4.10 

6 

100 

105 

3.98 

4.28 

Three  experiments  were  subsequently  carried 
out  on  the  preparation  of  barium  B.T.  in  conditions 
similar  to  tliose  of  experiments  3  and  4.  200  ml  of  the 
original  sodium  B.T.  solution  was  taken  for  each  ex¬ 
periment;  the  ether  complex  obtained  was  mixed  with 
4H0  ml  water.  The  acid  obtained  was  neutralized  with 
BaCOj  and  the  solution  filtered  18  hours  after  neut¬ 
ralization.  The  filtrates  were  evaporated  to  obtain  the 
barium  B.T.  crystals.  The  results  of  the  experiments 
carried  out  are  given  in  1  able  2. 

The  crystals  obtained  were  mixed  and  analysed 
for  BaO  and  II2O  content.  Found  '‘h  H2O  10.97;  BaO 
12.13.  BasHgfBfWzOTleJz  •  40  H2O.  Calculated  ‘U 
H2O  10.01;  BaO  11.98. 


From  the  results  of  the  experiments  carried  out 
the  following  method  is  proposed  for  the  preparation 
of  barium  B.T.:  sulfuric  acid  (d  1.18)  is  added  to  a 

hot  aqueous  solution  containing  stoichiometric  amounts  of  sodium  tungstate  and  H3BOI3  until  faintly  acid  to  Congo 
red.  The  solution  obtained  is  heated  for  4  hours  on  a  boiling  water  bath,  keeping  the  volume  constant,  then  left 
for  16-18  hours  and  carefully  filtered.  The  B.T.  acid  is  extracted  from  the  filtrate  with  ether  in  the  presence 
of  65% sulfuric  acid.  The  ether  complex  is  mixed  with  water,  taken  in  the  amount  calculated  to  give  an 
approximately  10% solution  of  the  acid.  Thus  the  ether  complex  isolated  from  200  ml  of  original  sodium  B.T. 
solution,  containing  50  g  of  B.T.  acid,  is  mixed  with  480  ml  H2O. 


TABLE  2 

The  Preparation  ofCrystalline  Barium  B.T. 


Specimen 

No. 

Volume  of  | 
solution 
(ml)  ! 

1 

Amount  of 
BaC03 
taken  for 

neutrali¬ 
zation  (g) 

l"ieldofBa,n.[B(w,o,).L 

(%) 

1 

500 

1.019 

1 

40 

54.00 

2 

!  507 

1.017 

41 

53.36 

3 

!  493 

1 

1.051 

41 

55.08 

1 

The  acid  is  neutralized  with  BaCOj  according  to  the  equation: 

2Hg[B(W207)6]  +  5BaCO,  =  Ba5H8tB(W202)5]2  +  SHjO  +  SCOj 

The  barium  salt  of  the  trails- acid  is  insoluble  and  is  precipitated;  the  solution  is  carefully  filtered 
after  16-18  hours;  the  filtrate  -  a  solution  of  barium  cis-B.T.  containing  approximately  6%  of  the  salt - 
is  evaporated  to  isolate  the  crystals. 

The  yield  of  Ba5H8[B(W207)et  is  55%  of  the  theoretical. 

Analytical  part.  The  analysis  of  barium  B.T.  consisted  of  the  determination  of  H2O,  B2O3  and  Ba. 

For  the  water  determination,  a  sample  of  0.4-0.6  g  of  barium  B.T.  was  placed  in  a  porcelain  or  platinum 
cmclble,  1-2  ml  water  was  added,  and  the  solution  carefully  evaporated  to  dryness  in  an  air  batli  over  a  low 
flame;  the  crucible  was  then  maintained  at  300‘  for  30  minutes  and  ignited  to  constant  weight  with  the  naked 
flame  of  the  burner.  The  loss  in  weight  gave  the  amount  of  salt-forming  water  and  water  of  crystallization  in 
the  salt  sample  taken. 
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For  the  BaO  determination,  a  sample  of  approximately  1  g  of  salt  was  dissolved  in  150  ml  water  and  the 
Ba  precipitated  with  10%Na2SO4  solution,  the  preeipltate  left  to  stand  for  16-18  hours  and  the  BaS04  content 
determined  in  the  usual  way. 

For  the  B2P3  determination  a  sample  weighing  0.7-0.8  g  was  dissolved  in  150  ml  water.  30  ml  of  boiling 
4%  barium  hydroxide  solution  was  added  to  the  solution,  the  precipitate  left  to  stand  for  5  minutes  and  filtered. 
The  precipitate  on  the  filter  was  washed  with  50  ml  water;  the  wash  water  was  combined  with  the  main  filtrate 
and  tlic  solution  obtained  neutralized  with  0.1  N  hydrochloric  acid  to  methyl  oranger  30  ml  of  neutral  glycerol 
diluted  with  water  in  tlie  ratio  1:2  was  then  added,  the  whole  left  to  stand  for  15  minutes  and  the  boric  acid 
titrated  with  0.1  N  caustic  soda  using  phenolphthaleln  Indicator:  the  addition  of  glycerol  (subsequent  amounts 
15  ml  each)  and  the  titration  were  continued  until  the  addition  of  a  portion  of  glycerol  did  not  cause  the  pink 
coloration  to  disappear. 

SUMMARY 

1.  A  metliod  for  synthesizing  sodium  borotungstate  under  conditions  employing  stoichiometric  amounts 
of  HsBO^  and  sodium  tungstate  has  been  worked  out  for  the  first  time;  the  quantity  of  HsBO^  used  is  100  times 
less  than  that  used  in  the  literature  descriptions. 

2.  The  method  worked  out  for  the  preparation  of  barium  cis- borotungstate  enables  this  salt  to  be  used 
for  the  synthesis  of  stable  salts  of  cis-borotungstic  acid. 

3.  The  conditions  for  the  ether  extraction  of  B.T.  acids  and  the  method  of  analysing  barium  B.T.  have 
been  made  more  precise. 
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A  STUDY  OF  THE  LAWS  GOVERNING  THE  DISTRIBUTION  OF  ISOMORPHOUS 
COMPONENTS  ON  CRYSTALLIZATION  FROIyl  AQUEOUS  SOLUTION. 

INVOLVING  THE  USE  OF  RADIOACTIVE  INDICATORS 

II.  THE  STUDY  OF  THE  DISTRIBUTION  OF  THE  COMTONENTS  IN  THE  SYSTEM 
FeSO^- (NH4)jS04’  6HjO-  ZnSO^' (NH4)jS04‘  6HjO—  HjO  Using  the  Radioactive  Indicator  Zn* 

N.  I.  Silantycva  and  G.  I.  Gorstein 

The  system  FeSO^' (NH4)2S04- 6Hj,0  -  ZnS04*  (NH4)2S04- 6H2O--  H2O  has  been  studied  at  macrocon¬ 
centrations  of  both  isoinorplions  coinponcnts  [1],  From  the  experimental  data  from  this  for  8,5’  we  have  cal  - 
ciliated  the  distribution  equilibrium  coefficients  for  the  zinc  salt  relative  to  the  iron  salt.  The  calculation  was 
carried  out  using  the  formula: 

‘^Zn/  Fe  “  ‘^ZnSP/  ‘^FeSP  =  ^Zn  MS/  ‘^Fe  MS. 

where  and  c^j^  ms"  concentration  of  the  zinc  salt  in  the  solid  phase  and  in  the  mother  solution.  Cp^gp 

and  CpgMS"  corresponding  data  for  the  iron  salt. 

It  turned  out  tliat  the  value  of  the  distribution  coefficient  for  the  zinc  salt  D^n/  Fe  varies  from  1.5  to  4.2 
as  the  concentration  of  the  zinc  salt  in  the  salt  fraction  of  the  mother  solution  changes  from  9  to  80%.  It  follows 
from  this  that  according  to  the  experimental  data  from  [1]  the  system  deviates  considerably  from  ideal  behavior. 
We  first  of  all  made  a  study  of  the  distribution  equilibrium  of  microconcentrations  of  added  zinc  salt  on  crystalli¬ 
zation  of  FeS04‘  (NH4)2S04'  6H2O  from  aqueous  solutions.  Experiments  were  earried  out  at  0.  10.  20.  30"  using 
the  radioactive  Indicator  Zn®.  The  experimental  method  and  the  calculation  of  the  results  are  described  earlier 
[2]. 

The  concentration  of  FeS04>  (NH4)2S04'  6H2O  in  crystals  and  solutions  was  determined  by  titration  with 
0.1  N  potassium  permanganate  solution.  The  experimental  results  are  given  in  Table  1,  from  the  data  in  which 
it  can  be  seen  that  the  value  of  the  distribution  equilibrium  coefficient  for  added  Zn  in  the  crystallization  of 
FeS04*  (NH4)2S04*  6H2O  varies  little  with  temperature  in  the  range  0  to  30°.  Its  mean  value  at  0“  -  4.7,  at  10°  - 
5.0,  at  20°  —  4.3  and  at  30°  —  4.3.  The  values  found  by  us  for  the  Khlopin  constant  D^^n)/  Fe  markedly 
from  the  values  of  the  distribution  coefficient  D  calculated  from  the  experimental  data  in  fl]  for  the 

region  of  low  zinc  salt  concentration,  but  are  close  to  the  values  of  the  distribution  constants  for  the  region  of 
high  concentrations  of  this  salt.  This  led  us  to  undertake  a  study  of  the  equilibrium  distribution  of  the  com¬ 
ponents  at  macroconccntrations. 

The  experiments  were  carried  out  at  20°  in  view  of  the  fact  that  other  systems  [6-8]  have  also  been  studied 
by  us  at  this  temperature.  In  part  of  the  experiments  the  macroconcentrations  of  the  zinc  salt  in  tlie  crystals 
aud  solutions  were  determined  using  radioactive  indicator  methods.  A  zinc  .salt  previously  brouglit  to  a  definite 
specific  activity  with  die  radioactive  Isotope  Zn®  was  used.  The  iron  salt  concentration  was  determined  by 
titration  witli  potassium  permanganate.  The  concentration  of  zinc  salt  in  the  crystals  and  mother  solutions  was 
determined  by  titration  with  pota.ssium  ferrocyanidc  using  ammonium  molybdate  as  external  indicator.  The 
iron  was  previously  removed  as  the  hydroxide  after  oxidation  by  heating  with  hydrogen  peroxide.  The  amount 
of  zinc  lost  with  the  ferric  hydroxide  precipitate  was  checked  using  radioactive  indicator  methods:  before  the 
analysis  was  curried  out,  the  radioactive  indicator  Zn®  was  added  to  the  solution,  and  from  a  comparison  of  tlie 
activities  of  the  original  .solution  and  tlie  .solution  obtained  by  dissolving  the  ferric  liydroxide  precipitate,  after 
wasliing,  in  dilute  sulfuric  acid,  the  degree  of  coprccipitation  of  traces  of  zinc  by  the  ferric  hydroxide  was  cal¬ 
culated.  Appropriate  corrections  were  maoe  in  tlie  analysis  data,  hi  this  way  the  lengthy  operations  involving 
double  precipitation  of  the  ferric  hydroxide  with  careful  washing,  as  i.s  necessary  in  the  usual  determination  of 
a  zinc  salt  in  tlie  presence  of  iron  salts,  was  avoided.  In  some  experiments,  the  iron,  after  preliminary  oxidation 
with  hydrogen  peroxide  and  separation  as  the  hydro.xide,  was  determined  pliotocolorimctrically  as  the  siilfo 
ali<  yt  lie  complex. 
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The  Equilibrinm  Distribution  for  Microconccntrations  of  Zinc  Salt  in  the  Crystalli¬ 
zation  of  FeSO^  •  (N}l4)2S04  ■  GlIjO  at  Different  lempcrattires 
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The  experimental  results  are  given  in  Table  2  and  in  Figures  1  and  2. 

As  can  be  seen  from  the  data  in  Table  2,  the  value  of  D^n/Fe  changes  from  4.1  to  3.5  as  the 

concentration  of  zinc  salt  in  the  salt  fraction  of  the  mother  solution  increases  form  3.C  to  95.6%.,  In  addition 
the  system  is  ideal  in  two  wide  regions  at  the  extremes  of  the  distribution  diagram.  As  the  concentration  of 
the  zinc  salt  in  the  solid  phase  changes  from  0  to  77%,  the  value  of  D^n/  Fe  tentains  constant  at  4.1. 

It  became  of  interest  to  examine  to  what  extent  the  added  zinc  was  coprecipitated  with  the  crystals  of 
FeS04  •  (NH4)2S04  •  6H2O  in  conditions  analogous  to  those  of  the  normal  crystallization  process  in  industrial 
apparatus  with  stirring.  With  this  aim  we  carried  out  several  experiments  to  extablish  the  value  of  the 
practical  distribution  coefficient  (DpjJfor  microconcentrations  of  zinc  impurity  in  the  slow  polythermal 
crystallization  of  FeS04  •  (NH4)2S04  •  GHjO  ,  using  the  radioactive  indicator  ZifB.  The  concentration  of 
added  zinc  in  all  experiments  was  0.1  %.  The  crystallization  was  carried  out  by  evenly  cooling  solutions  of 
FeS04  •  (NH4)2S04  •  6H2O  with  uninterrupted  stirring  for  5-8  hours.  The  results  of  tliese  experiments  are  given 
in  Table  3.  As  can  be  seen  from  the  data  in  Table  3,  the  value  of  Dpr.  obtained  is  much  greater  than 
for  the  final  crystallization  temperature:  Dpr.  =  12-28,  while  ^2sy/¥c  ~  4.2-4. 8. 

It  has  been  shown  by  one  of  us  [3]  that  the  coprecipitation  of  impurities  in  polythermal  crystallization 
is  determined  by  two  factors. 

a)  By  the  magnitude  of  the  relative  supersaturation  of  the  solution  £  at  each  moment  of  the  crystallization. 
The  relationship  between  the  practical  differential  (surface)  distribution  coefficient  ^pr.i  the  relative  super- 
saturation  _r  and  the  value  of  the  equilibrium  differential  distribution  ccxifficient  of  the  niicrocomponent  is  given 
by  the  approximate  formula  [3]: 
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Equilibrium  in  tlie  System  FeS04 '  (NH4)2S04  ’  6H2O  -  ZnS04  ‘  (NH4)2S04  •  GHjO-  H2O  at  20' 
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The  influence  of  tlic  value  ol  r  is  shown  very  distinctly  when^  is  significantly  greater  than  unity. 

b)  By  the  magnitude  of  the  degree  of  crystallization  of  the  main  substance  towards  the  end  of  the 
crystallization-  a. 

The  value  of  the  mean  practical  distribution  coefficient  for  the  microconiponent  in  cases  where  the  value 
ofX  pr, changes  little  in  the  crystallization  temperature  range,  is  given  by  the' formula: 


(1  —a)  ^P^*—  1 

n  - -(!-«). 

pc .  (X 


(2) 


We  give  the  calculation  of  the  value  of  Dpj^  for  the  polythermal  crystallization  of  FeS04  •(NH4)2S04  • 
6H2O  according  to  formulas  (1)  and  (2)  for  the  conditions  of  the  first  four  experiments  (Table  3). 


ZnS0^-(NHJ^S0^-6Hj0(*^by  weight) 
Fig.  1.  Equilibrium  composition  diagram. 


ZnSO^ S0^-6H,0  in  the  salt 
fraction  of  the  mother  solution(%) 

Fig.  2.  Component  distribution  diagram. 


In  these  experiments  the  first  crystals  appeared  from  1-1.5  hours  after  the  commencement  of  cooling, 
when  the  solution  temperature  had  reached  24*.  The  concentration  of  a  saturated  solution  of  the  double  salt  at 
this  temperature  is  30«^  FeS04 '(Nil4)2S04  *6H20.  Since  the  concentration  of  the  original  solution  was  31.6-32.3‘7(» 
the  relative  supersaturation  of  the  solution  relative  to  the  main  material  at  the  moment  when  the  first  crystals 
separated  was  1.05-1.08  (supersaturation  5-8%  relative  to  die  saturated  solution).  The  mean  value  of  the  rel¬ 
ative  supersaturation  in  the  complete  range  of  the  polythermal  crystallization  may  be  taken  as  equal  to  1.03. 

I  he  value  of  Xin  the  range  0  to  30*  varies  little  with  temperature  and  may  be  taken  as  having  a  mean  value  oi 
4.5.  The  mean  value  of  the  practical  differential  distribution  coefficient,  according  to  formula  (1),  is  then  Xpr. 

=  4.1.  The  value  of  the  mean  practical  distribution  coefficient  of  the  added  Zn,  calculated  according  to 
formula  (2),  is  Dp^  -  12.  The  calculated  result  thus  agrees  well  with  the  experimental  data  obtained  from  the 
slow  polythermal  crystallization  with  final  temperature  0*. 

We  give  now  the  calculation  of  the  extent  of  the  increase  in  concentration  of  the  added  Zn  in  the  crystals 
and  the  extent  of  the  decrease  in  its  concentration  in  the  mother  solutions  in  the  polythermal  crystallization  of 
FcS04*(NH4)2S04*61l20  witli  final  temperature  20*.  The  value  of  Dpr,  found  by  us  for  these  crystallization  con¬ 
ditions  with  a-  0.54  equals  25-28.  Let  us  take  the  mean  value  2G.  The  coefficient  of  isoniorphous  lattice  ad¬ 
sorption  in  the  solid  phase  (the  coelficient  of  increase  in  concentration  of  added  Zn  in  the  solid  phase)  is  iound 
from  the  formula  [4,  5]; 
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„•  _ _ —  o  1 

^SP  -f- 1  —  a 

The  corresponding  coefficient  for  the  content  of  added  Zn  in  the  mother  solution  Vwe**  is  given  by  the 
formula  [4,5J: 


Vs 


1 

aD-H  1  —  a 


=  0.081. 


The  reciprocal  of  is  the  factor  by  which  the  concentration  of  added  Zn  in  the  mother  solution 

is  decreased.  Thus  for  tlie  crystallization  of  Mdir’s  salt  in  conditions  corresponding  to  those  of  the  industrial 
process,  an  approximately  2-fold  increase  in  concentration  of  added  Zn  in  the  solid  phase  takes  place,  while  a 
12- fold  decrease  takes  place  in  its  concentration  in  the  mother  solution. 

SUMMARY 

1.  A  study  has  been  made  of  the  equilibrium  distribution  of  microconcentrations  of  added  Zn  in  the 
crystallization  of  the  double  sulfate  of  iron  and  ammonia  in  the  temperature  range  0  to  30*. 

2.  It  has  been  established  that  the  value  of  the  equilibrium  distribution  coefficient  for  microconcentrations 

of  added  Zn-the  Khlopin  constant  pg“changes  little  with  temperature  and  at  0*  equals  4.7,  at  10*-5.0, 

at  20*-4.3  and  at  30"-4.3. 

3.  A  study  has  been  made  of  the  equilibrium  in  the  system 

FeSO^*  (NH4)jS04.  6H,0-  ZnSO^-  (NH4)2S04-  6H,0-  H,0 
at  20*  with  macroconcentrations  of  the  components  for  the  complete  range  of  comoonent  concentration.  It  has 
been  established  that  the  distribution  coefficient  of  the  zinc  salt  D^n/Pe  *his  system  varies  from  4.1  to  3.5. 

4.  The  presence  of  two  wide  regions  of  ideal  behavior  in  the  system  studied  has  been  established  at  the 
extremes  of  the  equilibrium  diagram. 

5.  Values  have  been  found  for  the  mean  practical  distribution  coefficients  for  added  Zn  in  the  slow 
polythermal  crystallization  of  FeS04*(NH4)2S04  *61120  and  it  has  been  shown  that  the  results  obtained  experimentally 
correspond  to  the  theoretical  data. 

6.  The  extent  ol  the  increase  in  concentration  of  added  Zn  in  the  solid  phase  and  its  decrease  in  the 
mother  solution  in  the  polythermal  crystallization  of  FeS04  •(NH4)2S04  *  6H2O  from  aqueous  solution  in  conditions 
corresponding  to  those  of  the  industrial  process  has  been  calculated. 
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A  STUDY  OF  COMPLEX  FORMATION  IN  SOLUTIONS  OF  TERNARY  SYSTEMS 
BY  IHE  METHODS  OF  PHYSICO-CHEMICAL  ANALYSIS 
VII.  THE  SYSTEM  A1  Brj-CCaHsIzO-  CgHj 

E.  Ya.Gorenbein  and  V.  L.  Pivnutel 

The  study  of  the  reaction  of  aluminum  bromide  with  ethyl  ether  has  shown  that  these  components  form 
a  compound  of  equimolccular  composition  [1],  and  this  has  been  confirmed  by  a  study  of  the  reaction  of  AlBr3 
with  (C2H5)20  in  benzene  as  solvent  using  the  cryoscopic  method  [2].  The  study  of  the  same  subjects  in  ethylene 
dibromide  as  solvent  using  electrical  conductivity  metliods,  however,  has  provided  evidence  for  suggesting  that 
these  materials  form  two  complex  compounds: 

AlBra  .  (CzHglzO  and  AlzBre  '(CzHslzO  [3] 

The  study  of  the  reaction  of  AlBr3  with  nitrobenzene  in  ethylene  dibromide  [4]  and  ethyl  bromide  as 
solvents  has  shown  that  AlBr3  and  CjHsNOi  form  three  complex  compounds;  it  was  also  established  that  by 
measuring  the  viscosity  it  is  possible  to  find  the  compound  in  the  solution  which  is  the  best  conductor  of  elec¬ 
tricity  [4].  VVe  undertook  the  present  study  in  order  to  clarify  the  number  of  compounds  formed  between  AlBr3 
and  ethyl  ether  and  to  examine  the  applicability  of  the  above-mentioned  rule. 

The  aluminum  bromide  was  synthesized  by  the  action  of  bromine  on  aluminum  turnings.  The  product  was 
distilled  twice  and  stored  in  sealed  ampoules.  The  benzene- cryoscopic  material- was  first  dried  over  fused 
calcium  chloride,  distilled,  dried  a  second  time  over  metallic  sodium,  and  then  distilled  into  ampoules  which 
were  scaled  as  soon  as  they  were  full.  The  ethyl  ether  was  prepared  as  described  in  [2].  The  dissolution  of  the 
ether  in  the  benzene  solution  of  aluminum  bromide  was  accompanied  by  the  evolution  of  heat.  The  color  of 
the  solution  varied  with  the  molecular  ratio  of  aluminum  bromide  and  ethyl  ether.  When  the  ether  was  present 
in  excess,  the  solution  was  colorless,  with  the  bromide  in  excess,  the  solution  was  a  straw- yellow  color  (the 
latter  solution  was  the  mote  stable).  When  the  solution  containing  excess  ether  was  preserved  for  some  time  it 
at  first  became  darker  and  then  turned  black. 

For  the  investigation,  the  solutions  were  prepared  so  that  the  ratio  of  the  total  number  of  moles  of  AlBr3 
+  (C2H5)20  to  1  mole  of  the  solvent  (benzene)  equalled  0.150  i  0.001. 

The  electrical  conductivity,  viscosity  and  density  of  the  solutions  were  measured  at  15,  20  and  25®.  The 
methpd  for  preparing  the  solutions  and  the  technique  of  taking  the  measurements  has  been  described  earlier  [5]. 

In  the  measurement  of  the  electrical  conductivity,  difficulties  arose  as  a  result  of  the  reaction  of  the  ether  with 
bromine.  In  the  cases  where  the  aluminum  bromide  contained  traces  of  bromine,  the  electrical  conductivity 
rose  sharply,  and  these  points  are  not  given  in  the  curve.  For  this  reason  the  freshly- prepared  aluminum  bromide 
was  carefully  protected  from  the  action  of  light.  Sometimes  we  carried  out  the  following  procedure:  a  piece 
of  metallic  aluminum  was  placed  in  the  ampoule  before  it  was  filled  with  AlBr3:  the  molten  mass  was  then  heated 
for  a  short  time  on  a  sand  bath  before  use  and  only  then  was  the  AlBr3  taken  for  the  experiment.  In  these  cases 
no  scatter  of  the  points  was  observed.  The  results  of  the  measurement  ofsolution  viscosity  and  density  are  given 
in  Table  1  and  the  specific  conductivity  in  Table  2. 

Figure  1  shows  the  variation  in  viscosity  and  specific  conductivity  with  the  concentration  of  tire  com¬ 
ponents  AlBr3  and  (C2H5)20,  the  total  number  of  moles  of  these  being  taken  ds  100%.  The  points  lying  on  the 
ordinate  axes  correspond  to  the  properties  of  the  binary  systems  AlBr3-C5H5  and  (€2115)20— CgHg.  It  can  be  seen 
from  the  curves  (i)  in  the  given  figure  that  as  tire  concentration  of  AlBr3  increases,  the  specific  conductivity 
at  first  rises  and  reaches- a  maximum  at  about  50  mole  %,  after  which  it  decreases  sharply,  passes  through  a 
minimum  and  again  rapidly  increases  to  reach  a  second  maximum.  The  first  maximum  corresponds  approxi¬ 
mately  to  the  composition  of  the  compound  AlBrj  ‘(€2115)20;  the  minimum  gives  no  grounds  for  asserting  that 
a  comprjund  of  other  composition  is  present  in  the  solution.  The  second  maximum  corresponds  to  the  composition 
of  tlie  compound  A l2Br6 -(€2115)20. 


TABLE 


TABLE  2 


Viscosity  aiidDensity  of  the  System  Ainr3-((:2H5)20  Specific  conductivity  of  the  System 

-C,H6  AJBr3-(C2il5)20-C6H6 


AlBr, 

content 

(mole 

15" 

20° 

25“ 

< 

1)  .  10* 

< 

T)  .  10» 

< 

ij  10= 

100 

1.1509 

0.940 

1.1450 

0.871 

1.1392 

0.800 

80.09 

1.1010 

0.949 

1.0943 

0.876 

1.0886 

0.808 

69.00 

1.0704 

0.954 

1.0650 

0.873 

1.0595 

0.794 

60.81 

1.04S6 

0.948 

1.0432 

0.869 

1.0379 

0.799 

55.72 

1.0343 

0.937 

1.0284 

0.866 

1.0232 

0.786 

49.46 

1.0168 

0.906 

1.0115 

0.834 

1.0063 

0.765 

46.52 

— 

— 

1.0014 

0.825 

0.9968 

0.758 

44.64 

1.0036 

0.874 

0.9959 

0.804 

0.9908 

0.738 

38.75 

0.9836 

0.846 

0.9801 

0.774 

0.9740 

0.717 

28.09 

0.9488 

0.780 

0.9438 

0.730 

0.9385 

0.670 

22.42 

0.9m 

0.769 

0.9258 

0.692 

0.9205 

0.638 

0 

0.8592 

0.639 

0.8543 

0.589 

0.8495 

0.545 

AlBrj 

content 

(mole‘7(^ 

15“ 

20“ 

25” 

X  .  10* 

X  .  10* 

X  .  10* 

100 

90.18 

0.099 

0.099 

0.099 

80.09 

0.243 

0.249 

0.250 

75.27 

0.497 

0.524 

0.553 

69.00 

0.740 

0.813 

0.834 

65.04 

-  0.999 

1.037 

1.064 

62.64 

1.096 

1.142 

1.178 

57.42 

0.958 

0.970 

0.986 

56.86 

0.934 

0.957 

0.972 

55.10 

0.520 

0.525 

0.553 

54.15 

0.489 

0.496 

0.498 

53.20 

0.343 

0.355 

0.375 

50.35 

0.692 

0.743 

0.784 

49.46 

0.712 

0.777 

0.807 

46.52 

0.683 

0.727 

0.747 

44.64 

0.641 

0.681 

0.721 

38.75 

0.489 

0.518 

0.549 

28.09 

0.161 

0.170 

0.184 

22.42 

0.088 

0.093 

0.092 

0 

— 

— 

— 

Mole  % 

Fig.  1.*  The  variation  of  viscosity  and 
specific  conductivity  in  the  system  AlBr3 
concentrations 

of  the  o  mponeins. 

I)  specific  conductivity  curves,  II)  viscosity 
curves. 


^0^5)2®  Ntole  %  ^IBr^ 

Fig.  2.  Relationship  between  the  den¬ 
sity  in  the  system  A lBr3- (02115)30- Cg 
Hg  and  the  concentration  of  the  com¬ 
ponents. 
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riic  viscosity  curves  (II)  sljow  ;i  slopiiij^  mnxiiniim.  If  a  straight  line  is  drawn  comiectiiig  the  viscosities 
of  the  hiiiary  systems  |  Alllr3— C-gllj  and  (Cjl  IgljO— tigl  )g  ],  then  the  greatest  deviation  from  the  straight  line  co¬ 
incides  witli  the  second  conductivity  maximum.  This  confirms  the  rule  according  to  wliich  the  viscosity  curves 
show  the  compound,  formed  from  the  two  nonelectrolytes,  which  best  conducts  current. 


Figure  2  shows  the  relationship  between  the  solution  density  and  the  concentration  of  the  components 
AlBrj  and  (^115)20.  The  break  in  the  straight  line  corresponds  to  the  compound  of  equimolccular  composition. 

Thus  tlic  density,  the  cryoscopic  studies  [2]  and  the  first  maximum  on  the  conductivity  curve  indicate 
that  aluminum  bromide  forms  with  ethyl  ether  the  compound  of  composition  AlBts  •(C21 15)20,  while  tlie 
viscosity  and  the  second  conductivity  maximum  indicate  the  compound  of  composition  A l2Br6  *(02115)20. 
Consequently,  the  results  obtained  by  us  give  grounds  for  asserting  that  aluminum  bromide  forms  with  ether  not 
one  complex  compound,  as  was  previously  thought,  but  two,  whose  sfructnas  are,  in  all  probability,  similar 
to  those  given  by  us  earlier  [4],  It  should  be  noted  that  compounds  of  similar  composition  have  been  established 
for  aluminum  bromide  with  nitrobenzene  [4],  dioxane  [6)  and  pyridine  f7|, 

S  U  M  MARY 

1.  A  study  lias  been  made  of  the  viscosity,  electrical  conductivity  and  density  of  tlie  section  of  the 
system  AlBr3- (02115)20 -Cgllg  corresponding  to  a  molar  ratio  of  AIBrs  1  (02115)20  to  benzene  (tlie  solvent) 
of  0.15  at  temperatures  of  15, 20  and  25*. 

2.  It  has  been  established  that  in  tlie  experimental  conditions  taken  aluminum  bromide  forms  with  ethyl 
ether  the  two  complex  compounds  AlBrs  *(02115)20  and  Al2Brg  *(02115)20. 

3.  A  demonstration  has  been  given  of  the  applicability  to  the  present  case  of  the  rule  which  states  that 
if  two  substances  which  are  not  electrolytes  form  two  or  more  compounds,  then  the  presence  of  the  compound 
which  best  conducts  electric  current  will  be  reflected  in  the  viscosity  curves. 
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THE  COMPOSITION  OF  BORATES  IN  AQUEOUS  SOLUTION 


E.  M.  Schwarz  and  S.  G.  Vimba 


Up  to  the  present  only  the  composition  of  the  alkali  metal  borates  in  aqueous  solution  has  been  studied. 

The  experimental  material  obtained,  however,  has  led  to  contradictory  interpretations.  Thus  early  investigators, 
who  studied  the  electrical  conductivity  and  cryoscopic  behavior  of  the  alkali  metal  borates,  considered  that  in 
dilute  aqueous  solutions  the  tetraborate  ion  is  stable  [1,2[.  Carpeni,  from  data  on  the  potentiometric  titration 
of  boric  acid  with  caustic  alkali  solutions  of  different  concentrations,  states  that  in  dilute  aqueous  borate  so¬ 
lutions  there  is  only  one  equilibrium:  pentaborate  (HBjOj'")  -  monoborate  (H|BOj)  [3-6],  Dibasic  pentaborates 
however,  although  prepared,  have  only  been  obtained  under  increased  pressure  and  at  high  temperature  [7,  8]. 
From  the  difficulty  of  preparing  these  compounds  it  is  highly  improbable  that  these  ions  predominate  in  solution. 
On  these  grounds,  Souchay  disputed  Carpeni' s  conclusions  [9,  10]  and  considered  that  in  aqueous  alkali  metal 
borate  solutions  the  borate  ions  BfeO,-  and  B4P7*-  could  exist,  and  that  at  low  concentrations  these  were  hydrolyzed 
to  monoborate  ion  BOj"  and  H3BO3  [11]. 


All  these  hypotheses  cannot  be  extended  to  aqueous  solutions  of  the  alkaline  earth  and  heavy  metal  borates, 
since  these  borates  are  of  a  completely  different  type,  requiring  special  study.  In  recent  years  many  borates  of 
magnesium,  calcium,  barium,  lead,  cadmium,  manganese,  cobalt  and  nickel,  including  borates  belonging  to 
the  class  of  double  salts,  with  up  to  twelve  boron  atoms  in  the  molecule,  have  been  synthesized  [15-26];  it 
therefore  became  of  interest  to  examine  the  composition  of  the  species  into  which  die  different  borates  dis¬ 
sociate  on  going  into  solution. 

We  have  carried  out  systematic  measurements  of  the  coefficient^  and  the  molecular  conductivity  fly  of 
aqueous  borate  solutions.  The  freezing  point  depressions  were  measured  by  the  well-known  Beckmann  method. 
The  molar  conductivity  was  determined  by  Kohlrausch's  method,  aqueous  borate  solutions  and  solutions  of 
borates  in  2  and  3%  boric  acid  being  studied.  The  molar  conductivity  at  infinite  dilution  was  found  by  ex¬ 
trapolation  (some  examples  are  given  in  Figure  1).  From  this  in  turn  the  ionic  conductance  ^  of  the  borate  anion 
was  calculated  [12]. 

The  composition  of  borates  in  aqueous  solution  varies  with  the  borate  cqncentration  and  is  affected  by 
the  presence  or  absence  of  certain  added  materials,  particularly  boric  acid.  The  data  given  refer  only  to  dilute 
borate  solutions  with  concentrations  below  0.01  M.  The  composition  of  the  borates  in  aqueous  solution  depends 
also  on  the  cation,  or,  more  accurately,  on  the  strength  of  the  base  formed  by  the  cation  in  question.  For  this 
reason  three  groups  of  borates  were  studied. 

1.  The  borates  of  the  alkali  metals  and  ammonia.  The  ionic  conductance  of  the  borate  anion  in  alkali 
metal  borate  solutions  at  infinite  dilution  fluctuates  around  the  value  39  ohm-^'enf  (Table  1).  The  ionic 
conductance  of  H2BO3—  ,  determined  indirectly,  is  known  from  the  literature  and  is  equal  to  36.8  ohm— ^ ’em* 
tl31.  The  cryoscdpic  coefficient  for  monoborate  solutions  at  concentrations  from  0.04  to  0.01  M,  according  to 
Menzel’s  data,  equals  1.5- 1.9  [2], 

Consequently,  the  alkali  metal  monoborates  in  aqueous  solutions  behave  as  binary  electrolytes: 

MeBC^^  Me"*  +  BO,"! 
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Ilic  formula  of  tlic  inoiioborati.:  ion  has  until  re¬ 
cently  remained  an  open  qiiesiion;  certain  authors  have 
ascribed  to  it  the  formula  B2(V"*  very  recently 

a  worl<  has  appeared  in  which  borate  solutions  have  been 
studied  using  the  Kaman  spectra.  The  results  have  shown 
tliat  the  ions  IJ(OII)4  ,  will)  symmetrical  structure,  are 
formed  in  solution,  i.c.  ions  which  are  essentially  IJCf 
■2H2O  [2H). 

T  he  tetraborates  of  sodium  and  potassium  in  aqueous 
solution  at  concentrations  ().()4-0.{)l  M  have  the  cryoscopic 
coefficient  b.4-G,  while  that  of  the  pentaborates  varies 
from  3.'.)-G  (1  able  2).  The  ionic  conductance  of  the 
borate  ion  in  these  solutions,  as  in  the  monoborate  sol¬ 
utions,  is  approximately  equal  to  3!)  ohm-^  ‘cm*.  All 
this  points  to  the  hydrolysis  of  the  pentaborate  and  tetra¬ 
borate  ions  in  dilute  aqueous  solutions  to  the  monoborate 
ion  with  the  separation  of  boric  acid: 


Fig.  1.  The  variation  with  dilution  of  the 
electrical  conductivity  of  alkaline  earth 
borate  solutions. 

1  —  SrB,o„  •  5H,o.  r  —  SrBjO,  •  4H,o  in  3% 
H,B0,.  2—  C«B,O,0  •  5H,0,  2'  —  C«H,0,„  •  5H.O 
in  3%  H,BO,.  i— MifBjO.  3H,0.  J'  — 
SrB.O„  .  5H,O  in3%  H.BO,.  MgB.O  •  7.5H,0. 
4*  —  MffB,0„  7.5H,0  in  3%  M.HO,.  5  — 
B«B,0.  •  4K,Oin3.%  H,BO,.  5' —  MjfB.O,  •  3H,0 
in  3%  HjBOj. 


2H3BO, 


2MeB  O  ■ 

5  H 


■6H3BO,,, 


2H,B03 


in3%  HjbOj.  The  addition  ol  boric  acid  to  alkali  metal  borate 

solutions  results  in  a)  the  retardation  of  the  hydrolysis  of  the 
pentaborate  ion,  and  b)  the  combination  of  the  excess 
boric  acid  with  the  monoborates  and  tetraborates,  by 
which  they  arc  converted  into  more  acidic  polyborates. 

■fhis  is  indicated  by  the  following  facts:  1)  the  ident¬ 
ical  ionic  conductance  of  tetraborates,  monoborates  and 
pentaborates  in  a  solution  of  3%  boric  acid,  approximately  equal  to  13  ohm-  ^‘cm^  (Table  3)  (the  decrease 
in  the  ionic  conductance  of  the  anion  corresponds  to  an  increase  in  its  size);  2)  the  cryoscopic  coefficient  of 
alkali  metal  tetraborate  solutions  decreases  on  dilution,  i.c.  on  the  dilution  of  2%  boric  acid  to  a  value  less 
than  unity  (Table  4).  We  suggest  that  the  ion  formed  in  .3%  boric  acid  solution  is  the  pentaborate  ion  BsOg- : 


McBO.,  -+  4H.,BO.,  Me  •  -1-  B.O“  ■+■  6  H.p 
Me.,B^O.  6  H,,BO.,  2  Me-»-  -r  2  Br.O^  -+  9  H,0. 

This  hypothesis  is  based  on  the  following  considerations:  1)  it  is  known  that  when  pota-ssinm  pentaborate 
is  dissolved  in  3%  boric  acid  solution,  a  precipitate  of  pota.ssium  1  ciitaborate  is  obtained  after  a  certain  period  of 
time;  2)  when  the  molar  conductivity  of  alkali  metal  pentaborate  solutions  in  .B'y©  boric  acid  was  measured  at 
dilutions  of  32:1  and  1024:1,  in  all  cases  a  difference  in  equivalent  conductivities  close  to  11  was  obtained, 
which  indicates  that  the  anion  formed  is  monobasic  and  therefore  cannot  be  B.,07*"or  HB5O9*”,  as  suggested 
by  Carpeni. 

2.  The  boratt  s  of  the  alkaline  earth  metals  and  magnesium.  (')nly  one  work  is  known inthc literature  on 
the  potcntiometric  titration  of  boric  acid  with  barium  hydroxide  in  the  pre.senee  of  glycerol  (141.  Hie  authots 
detected  sharp  pon  ntial  jumps  at  B2(>i  /  BaO  ratiexs  of  1,2 ,3, 4  ,8.  The  borates  of  the  alkaline  earth  metals 
differ  markedly  in  their  dissociation  in  aqueous  solution  from  the  Imrates  of  the  alkali  metals.  Tints  the  di¬ 
borates  of  barium,  stroniniiri  and  calcium,  which  may  be  regarded  as  tlie  analo;;s  of  the  alkali  metal  mono- 
borates,  differ  from  the  latter  in  that  the  electrical  conductivity  increases  with  dilution  and  the  graph  of  the 
relationship  bctwe<  n  Py  and  ^m  has  the  form  of  a  concave  curve  (rignre  2). 
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TABLE  1 


The  Ionic  Coiidiictaiicc  of  tlic  Borate  I  on  In  Aqueous  Alkali  Metal  Borate  Solutions 
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TABLE  2 

The  Cryoscoplc  Coefficients  ofTbtraborates  and  Pentaborates  in 
Aqueous  Solution 
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0.024 

5.49 
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TABLE  3 


The  Ionic  Conductance  of  the  Borate  Ion  in  Solutions  of  Alkali  Metal  Borates  in  3%  Boric 
Acid 
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Curves  of  this  sha|x:  can  only  indicate  that  these  horates  arc  completely  hydrolysed  on  dilution, 
Mc(BCi)2i41l20  ?  Me'U  2011-t  ‘illaBOi,. 

Sure  enough,  the  cryoscopic  constant  of  these  solutions,  too,  changes  fron)  4  to  5  at  concentrations  0.01- 
0.005  M. 
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TABl.K  4 

The  Cryoscopic  Ccx^fficieiits  of  Alkali  MetalTctralrorates  inSolution 
in  2"Jo  1 1,00, 
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0.056 
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0.025 

0.88 

0.051 

1.14 

0.045 

1.27 

0.041 

0.81 

0.036 

1.22 

0.033 

0.92 

0.027 

1.08 

When  the  hexaborates  of  tlie  alkaline  earth  metals  and  magnesium  are  considered,  it  was  found  possible 
to  measure  the  electrical  conductivity  in  aqueous  solution  only  for  NlgBeOm  '7.51120,  SrBgOij  •  51I2O,  CaBgOjo ' 
5H2O;  barium  hexaborate  is  quite  insoluble  .  The  ionic  conductance  of  the  borate  anion  is  approximately  54 
ohm-**cm*  .  The  cryoscopic  coefficient  could  be  measured  only  for  the  boric  acid  solution  of  magnesium 
hexaborate.  The  remaining  hexaborates  arc  too  sparingly  soluble  for  any  sort  of  satisfactory  freezing  point 
depression  to  be  obtained.  I  he  cryoscopic  coefficient  of  the  boric  acid  solution  of  magnesium  hexaborate  varies 
from  1.84  to  1.88  at  concentrations  of  0.047-0.020.  Magnesium  sulfate  behaves  similarly  at  the  same  con¬ 
centrations  (Table  6). 


Froin  this  it  follows  that  the  ionic  conductivity  of 
tlie  borate  anion  obtained  for  the  boric  acid  solution  of 
magnesium  hexaborate  and  others  is  the  ionic  conductiv¬ 
ity  of  the  hexaborate  ion.  The  hexaborates  of  the  alkaline 
earth  metals  and  magnesium  arc  stable  only  in  boric 
acid  solution,  and  undergo  hydrolysis  in  aqueous  solution. 

It  is  interesting  to  note  that  in  .T7o  borie  acid  the  electrical 
conductivity  of  the  diborates  of  the  alkaline  earth  metaLs 
and  magnesium  also  changes.  1  he  graphs  of  the  relation¬ 
ship  between  and  /m  in  this  case  are  straight  lines; 
the  ionic  conductance  of  the  l)orate  anion  has  the  mean 
value  IB  ohm- cm*  (Figure  I,  Table  7).  It  is  close  to 
the  ionic  conductance  of  the  hexaborate  ion. 


Fig.  2.  The  variation  with  dilution  of  the  elec¬ 
trical  conductivity  of  aqueous  solutions  of  the 
alkaline  eartli  diborates. 

/  -  B.B,0,  •  4H,0,  2  —  CoBjO,  ■  r.H,0,  J  — 

SrBjO,  .  1U;0. 

lization  do  not  occur  naturally. 


From  the  data  in  Table  7  it  may  be  assumed  that  tlic 
dioorates  of  the  alkaline  earth  metals  ari.  converted  in 
boric  acid  solution  to  the  corresponding  hexaborates: 

2B02"4  4Il3B(:i,  ^BfitV"  I  GII2O. 

B.  ihe  borates  of  thejieavy  me  tals.  The  majority 
of  the  heavy  metal  borates  containing  water  of  crystal- 


They  are  prepared  syntlietically  (18-2G|. 
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TABLE  5 


I  ABLE  G 


TheCryoscopicCcH-fficicnts  of  the  Dfbor- 
ates  of  Alkaline  Barth  Metals  in  Aqueous 
Solution 


The  Cryoscopic  Coefficients  ol  MgBjOjj  * 
7.5  HjO  and  MgS04  ’’1  in  Solution  In 
HaBCi, 


C«R,0, 

•  6H,0 

RaH,0, 

4H,0 

MgBuOio 

•  7.5H,o 

MgSO,  • 

7»,0 
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m  1 

1 

i 

0.010 

4.38 

0.010 

4.15 

0  047 

1.84 

0.116 

1.34 

0.008 

4.32 

0.008 

4.38 

0.031 

1.95 

0.067 

1.55 

0.006 

4.73 

0.006 

5.57 

0.021 

1.88 

0.035 

1.88 

TABLE  7 

The  Ionic  CoiKluctance  of  the  Anions  of  Alkaline  Earth  Metal  Borates 


In  aqueous  solution  | 

In  3%  boric  acid  solution 
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9.5 

10.5 

13.9 

14.0 

14.5 

13.1 

Tlie  heavy  metal  borates  have  as  yet  been  insufficiently  studied,  since  in  working  with  them  difficulties 
are  encountered  both  in  carrying  out  experiments  and  in  evaluating  the  results.  The  reasons  are  to  be  found  in 
the  low  solubility  of  the  majority  of  the  heavy  metal  borates  and  in  the  absence  of  the  uniformity  which  is 
found  in  the  borates  of  the  alkali  and  alkaline  earth  metals  (10,  11],  since  the  heavy  metak  lie  in  different 
groups  of  the  periodic  system  and  form  bases  of  different  strengths,  which  ako  detennines  the  course  of  the 
hydrolysis  of  their  borates  in  aqueous  solution  [27], 

The  tetraborates  of  cadmium,  manganese  and  silver  in  boric  acid  solution  have  an  ionic  conductance 
foi^the  anion  ol  16.2  ohm-*-cm^.  The  same  value  for  the  ionic  conductance  of  the  anion  is  found  for  the  hexa- 
borates  of  col)alt  and  manganese  in  3‘7o  borle  acid  solution  (  Fable  8).  This  indicates  that  the  boric  acid  combines 
with  the  tetraborates  of  the  heavy  metak.  In  this  process  the  hexaboratc  ion  is  evidently  formed,  but  the  extent 
to  which  the  conversion  takes  place  is  different  for  each  case,  and  depends  on  the  concentration  of  the  borie 
acid  and  on  the  nature  of  the  anion.  The  combination  of  tlic  boric  acid  with  manganese  tetraborate  is  ako 
indicated  by  the  lowering  of  the  cryoscopic  coefficient  below  unity  in  a  solution  of  manganese  tetraborate 
in  2^  boric  acid. 

The  majority  of  heavy  metal  borates  undergo  hydrolysis  in  2%  boric  acid  solution  (Table  5)).  I  he  degree 
of  hydrolysis,  however,  varies  in  each  case.  Thus  the  nickel  hexaboratc  NiBjOjj  *101  IjO  dissociates  like  a 
binary  electrolyte:  NiBgOm  Ni  *  +BeOi(|*"  . 
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I  hc  cryoscopic  cwcfficiciit  chaiip,c.s  from  2:M  to  1.5.  Col>alt  hcxaboralc  and  nickel  licxai)orate  r)Cta- 
hydratc,  on  the  contrary,  arc  coinplclt  l,  liyilrolyscd  to  tlic  hydroxide  and  the  free  acid  (i^clianges  from  7  to 
!>.75).  Manganese  hcxahorati.  in  tJie  same  conditions  dissociates  into  manganese  tetraborate  and  boric  acid 
(i_  changes  front  4.C5  to  4. 85). 


1  ABI.E  8 

ThcIonicCondnctancc  of  the  Anions  of  Heavy  Metal  Borates  in  5%  Boric 
Acid  Solution 


5H,0 

ArjB.O,  2.5H,0 

MnB,0,  '>11,0 

CoB,0,„  •  8H,0 

MnB.O,o  8II|0 

140.4 
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136 

V  ^ 

16.4 

16.0 

16.6 

16.8 
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TABLE  0 

I  he  Cryoscopic  Coefficients  of  Heavy  Metal  H-xaboratcs  in  2% 
Boric  Acid  ailntion 
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10H,O 
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MnR40in  ■  8HjO 
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1  1 
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0.022 
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0.031 

4.65 

0.020 

2.29 

0.015 

7.13 

0.021 

4.72 

0.015 

2.10 

0.010 

8.55 

0.014 

4.80 

0.010 

2.07 

0.008 

9.75 

0.009 

4.89 

0.007 

1.50 

'  1 

SUMMARY 

1.  A  study  has  been  made  of  the  electrical  conductivity  and  freezing  point  depression  of  dilute  solutions 
of  borates  in  water  and  in  5%  boric  acid  in  order  to  determine  the  composition  of  the  borates  in  aqueous  sol¬ 
ution. 


2.  The  stable  ion  in  aqueotis  solutions  of  alkali  metal  borates  is  the  monoljoratc  ion,  which  on  die  addition 
of  boric  acid  is  capable  of  being  converted  into  a  polyborate  ion  which  is  evidently  the  pentaborate  ion. 

3.  The  stable  ion  in  solutions  of  die  alkaline  earth  borates  in  3*54)  boric  acid  is  die  hexaborate  ion.  Ihc 
latter  dissociates  in  aqueous  solution  with  the  separation  of  boric  acid.  Tlie  alkali  metal  monoborates  break 
dr>wn  in  dilute  aqueous  solution  to  the  corrcs|>onding  hydroxide  and  boric  acid. 

4.  'I  he  heavy  metal  borates  show  varying  stability  in  2%  boric  acid  .solution,  while  in  'V’/o  boric  acid 
solution  only  the  hexaborate  ion  is  apparently  stable. 
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Till:  PROPER'I  TES  OF  ACIDS  AND  BASES  IN  ACID  SOLVENTS 


X.  ACID-BASE  TITRATION  IN  MIXTURES  OF  ACETIC  AND  FORMIC  ACIDS 
THE  INFLUENCE  OF  THE  PERMITTIVITY  OF  THE  SOLVENT  ON  THE 
SI  RENGTH  OF  ACIDS 

A.  M.  Shkoclin,  L.  I.  Karkiizal<i  and  M.  T.  Khimenko 

In  recent  years  acid  solvents  have  found  ever  widening  application  in  analytical  chemistry.  The  use  of 
acid  solvents  as  media  has  greatly  broadened  die  possibilities  of  acid-base  titration,  titration  of  salts  by  dis¬ 
placement  and  the  differential  determination  of  acids  and  bases.  It  has  been  shown  that  a  very  great  number 
of  natural  and  synthetic  materials,  which  in  water  are  very  weak  bases,  may  be  quantitatively  determined  by 
direct  acid  titration  using  acid  solvents  as  a  medium.  Qily  in  acid  solvents  has  it  proved  possible  to  carry 
out  the  differential  titration  of  the  strongest  mineral  acids  of  equal  strength  (in  water)  in  their  mixtures;  it 
is  also  possible  to  achieve  the  separate  titration  of  mineral  acids  in  a  mixture  with  strong  organic  acids  even 
in  the  most  unfavourable  concentration  ratios. 

A  very  large  number  of  works  are  concerned  with  acetic  acid.  Formic  acid  has  been  less  studied  as  a 
titration  medium.  The  studies  which  have  been  carried  out  [1-4  J,  however,  show  that  formic  acid  is  quite 
suitable  for  acid-base  titration.  Although  tlic  ionic  product  of  formic  acid  is  large  (pK  =  6.3),  and  con¬ 
sequently  its  pH  scale  is  6  units  shorter  than  the  pH  scale  of  acetic  acid,  formic  acid  has  a  high  permittivity 
and  consequently  a  greater  solvent  power  than  acetic  acid;  it  is  a  more  acidic  solvent  than  acetic  acid  and 
it  is  therefore  possible  to  titrate  in  it  very  weak  bases  (urea,  theobromine),  whose  pK  in  water  is  equal  to 
13-14;  it  is  impossible  to  titrate  them  in  acetic  acid.  Finally,  acids  and  bases  are  considerably  stronger  in 
formic  acid  than  in  acetic  acid. 

Acid-base  titration  in  mixtures  of  formic  and  acetic  acids  lias  been  studied  by  1  omicek  and  Vidner  [5]. 
They  came  to  the  conclusion  that  acid-base  titration  in  mixtures  of  formic  and  acetic  acids  was  impossible; 
no  inflection  was  observed  in  the  potentiomctric  titration  curve.  This  is  an  extremely  strange  conclusion, 
since  in  one  of  our  works  [6]  it  has  been  shown  that  in  a  mixture  of  formic  and  acetic  acids  (1:1)  titration  is 
quite  possible  and  the  titration  conditions  are  better  than  in  pure  acetic  acid.  In  this  connection  a  more  de¬ 
tailed  study  was  undertaken  and  the  results  are  presented  here.  The  study  of  the  influence  of  mixed  solvents 
on  the  strength  of  acids  is  also  of  theoretical  interest. 

EXPERIMENTAL 

Anhydrous  acetic  acid  was  prepared  from  glacial  aci-tic  acid  by  distillation  from  potassium  permanganate 
the  fraction  117.5-118*  was  then  frozen  out  repeatedly  and  again  distilled  in  a  sectional  apparatus  protected 
from  atmospheric  moisture.  The  acetic  acid  obtained  had  m.p.  16.6°  and  specific  conductivity  2- 10  *ohm  — 1 
cm-i  . 

The  formic  acid  was  dried  with  boric  oxide  and  vacuum  distilled,  then  dried  once  more  with  a  smaller 
quantity  of  boric  oxide  and  again  vacuum  distilled.  The  product  oirtained  had  m.p.  8.6°  and  specific  conduct¬ 
ivity  ?•  10"®  ohm  — 1  cm-  t. 
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The  acids  HCIO4  and  Clij('gll4S('>3lI  were  chemically  pure.  M  solutions  of  these  acids  were  prepared  by 
dissolving  the  appropriate  weights  of  material  in  anhydrous  acetic  acid.  Tlie  water  v/hich  was  introduced  in 
this  process  was  combinei.1  witli  tlic  calenlated  quantity  of  acetic  anhydride.  O.IM  acid  solutions  were  pre¬ 
pared  for  titration  by  diluting  with  acetic  and  formic  acids  in  such  a  way  as  to  give  different  ratios  of  CII3COOH 
and  IlCOOH  in  the  solution.  The  base  chtisen  for  the  titration  was  pure  freshly-distilled  pyridine,  and  a  M 
solution  of  this  was  prepared  in  the  appropriate  mixture  of  acetic  and  formic  acids.  TIte  titrations  were  carried 
out  using  a  high  resistance  potentiometer  of  the  type  PP  TV-l,  incorporating  a  valve  amplifier  l,lJ-2.  10  ml 
of  solution  was  taken  for  the  titrations,  whicli  were  carried  out  from  a  microbnret  protected  from  atmosplicric 
moisture. 


A  quinhydrone  electrode  was  used  as  indicator  electrode  while  the  reference  electnxle  was  a  silver 
chloride  electrode  immersed  in  a  saturated  solution  of  potassium  chloride  in 'acetic  acid,  'i'he  arrangement 
of  the  vessel  is  clear  from  Figure  1.  The  use  of  tin-  silver  chloride  electrode  avoided  the  boundary  potential; 
in  addition,  this  electrode  is  more  convenient  in  operation  than  the  usual  calomel  electrode.  The  set-up  is 
thus  represented  by  the  following: 


Pt 


acid 

KCl 

quinhydrone 

HAc 

AgCl,  Ag. 


u 


I 


mV 


Fig.  2.  Curves  for  the  titration  of  per¬ 
chloric  acid  with  pyridine  in  mixtures  of 
formic  and  acetic  acids. 


Fig.  1. Titration  vessel. 


The  titration  curves  are  shown  in  Figures  2  and  3.  The  numbering  of  the  curves  corresponds  to  the  num¬ 
bering  of  the  formic  and  acetic  acid  mixtures  in  the  Table. 

Ihc  potential  jumps  near  the  equivalence  point  (F/o  before  and  after  the  eqnivalcnc.:  point)  were  de¬ 
termined  from  the  titration  curves.  Their  values  are  given  in  the  Table,  in  the  (AE)|(yg column.  Kj/Ka" 
tlid  ratio  of  the  ionic  product  of  the  medium  to  the  dissociation  constant  of  the  acid  being  titrated-charac- 
tcrizes  the  titration  conditions,  tin  dissociation  constants  of  tlic  acids  being  determined  according  to  Roller's 
formula  [7]: 

£.^:fc200l/ sink  A. 


v/here  E-previously  given  titration  error,  lakmi  as  equal  to  1%,  Ki  ionic  pnxlnct  of  the  medium.  Kg  and  c- 
tlte  constant  and  concentration  of  the  acid  lieing  titrated,  siti  hA  "the  liyperi'olic  sitie  of  tlic  potential  jttttip 
(ill  mV),  multiplied  by  0.158. 


since  tlic  ionic  product  of  Ujc  lucdiuni  is  unknown  and  there  arc  no  data  for  calculating  it,  we  determined 
Its  value  In  the  following  manner.  As  we  have  established  [H],  the  pK  of  mineral  acids  in  acid  solvents  is 
linearly  related  to  the  permittivity  of  the  medium.  Making  use  of  this  fact,  we  determined  pKafor  perchloric 

acid  as  the  strongest  acid,  and  found  Ki  -the  Ionic 
product  of  the  medium- from  Rollsr’s  formula.  The 
values  of  pKjarc  given  in  the  Table.  These  values 
of  K^were  used  to  calculate  the  dissociation  constants 
of  tolucncsulfonic  acid.  It  is  interesting  to  note  that 
y  ^  the  values  for  Kj  found  in  this  way  for  mixtures  of 

700  ■  \  \  formic  and  acetic  acids  are  of  the  same  order  as  the 

\  \  \  A  \  values  calculated  by  tlic  combination  rule  from  the 

ggp  _  111  ionic  products  of  formic  and  acetic  acids,  whose  pKi 

I  1  equal  6.3  and  12. G  respectively.  It  may  be  thought  • 

gQQ  .  1  constants  obtained  in  this  way  for  perchloric 

N.  V  and  consequently  for  toluenesulfonic  acids  are  relative 

values.  In  fact  this  is  not  so.  The  constants  for 

— ' —  — ' —  — ^  ^  ^  perchloric  acid  have  also  been  determined  for  certain 

100  100  100  100  100  ^  .  r 

^acid  titrated  mixtures  from  tiic  electrical  conductivity.  These  proved 

to  be  very  close  to  the  values  found  from  the  relatlon- 

r.,  «  ^  ....  r  ,  I  ship  between  pKa  and  1/ D. 

Fig.  3.  Curves  lor  the  titration  of  tolucncsulfonic  ^ 

acid  with  pyridine  in  mixtures  of  formic  and  acetic  The  permittivity  of  the  mixtures  was  calculated  by  us 
acids.  from  the  combination  rule: 


where  Dj  and  D2-the  permittivities  of  formic  acid 
(Dj  =  57)  and  acetic  acid  (D2  =  6.2),  vj  and  V2—  per¬ 
centage  content  of  the  components  of  the  mixture. 

This  rule  should  and  in  fact  does  apply,  witli  some  approximation,  to  mixtures  of  solvents  of  the  same 
character.  Thus,  for  example,  the  values  of  the  permittivity  of  mixtures  of  methyl  and  ethyl  alcohol  with 
water,  calculated  by  us  according  to  the  combination  nile,  proved  to  be  in  a  good  agreement  with  the  ex¬ 
perimental  values  given  in  tiie  literature  [0]. 
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DISCUSSION  or  RESULTS 


The  potentioinetric  titration  curves  show  clearly  tliat  acieJ-base  titration  is  quite  passible  in  mixtures  of 
formic  and  acetic  acids.  In  all  cases  the  inflections  in  the  curve  arc  clearly  defined;  moreover,  the  greater 
the  mole  fraction  of  acetic  acid,  the  greater  the  potential  jump.  There  is  consequently  no' justification  for 
the  conclusion  reached  by  Tomicck  and  Vidner  that  mixtures  of  formic  and  acetic  acids  are  unsuitable  as 
media  for  acid-base  titration.  The  reason  for  the  lack  of  siiccess  in  these  authors'  experiments  was  apparently 
the  fact  that  they  added  a  large  amount  of  acetic  anliydride  straight  away  to  the  formic  acid.  This  brought 
about  the  decomposition  of  the  latter  with  the  formation  of  water. 


The  improvement  in  the  titration  conditions  with  increase  in  tlie  fraction  of  acetic  acid  is  explained  by 
tlie  decrease  in  the  ratio  Kj/Kg.  Although  the  constant  of  the  acid  (K^)  decreases  with  increase  in  the  fraction 
of  acetic  acid,  Ki  decreases  more  rapidly  than  Ka.  A  greater  decrease  in  Ki/Ka  is  observed  for  perchloric 
acid  than  for  toluenesulfonic  acid.  The  latter  is  tlie  weaker  acid,  and  in  its  case  the  decrease  in  K^with 
increase  in  the  acetic  acid  fraction  in  the  mixed  solvent  takes  place  much  more  rapidly  than  in  the  case  of 
perchloric  acid.  This  is  clearly  illustrated  in  Figure  4,  whicli  shows  the  relationship  between  and  the 

composition  of  the  mixture. 


Fig.  4.  Relationship  between  Ki/  Ka  and  the 
composition  of  the  solvent.  1)  perchloric  acid, 
2)  toluenesulfonic  acid. 


differentiating  action  is  related  to  the  permittivity 
has  also  some  significance. 


We  have  already  pointed  out  above  that  mixtures 
of  formic  and  acetic  acids  are  convenient  for  the  ti¬ 
tration  of  very  weak  bases,  whose  pK  in  water  is  equal 
to  13  and  above  (urea,  theobromine  etc.).  The  presence 
of  the  formic  acid  ensures  a  sufficiently  high  solubility 
of  the  base,  while  the  presence  of  the  acetic  acid  in 
the  solvent  decreases  its  ionic  product,  which  increases 
the  accuracy  of  the  titration. 


The  study  of  the  influence  of  mi.xed  solvents  of 
acid  character  on  the  strength  of  acids  is  also  of  theo¬ 
retical  interest.  As  is  known,  the  differentiating  action 
of  glacial  acetic  acid  on  the  strength  of  mineral  acids 
was  explained  by  Hantzsch  by  the  acidity  of  the  solvent. 
Our  studies  have  shown  [2-4,8],  however,  that  mineral 
acids  remain  strong  in  formic  acid  and  are  not  differ¬ 
entiated,  although  formic  acid  is  a  more  acidic  solvent 
than  acetic  acid.  The  strength  of  the  acids  and  the 
of  the  acid  solvents,  although  the  basicity  of  the  solvent 


In  the  study  of  the  influence  of  permittivity,  mixtures  with  dioxane  or  other  "neutral"  solvents  with  low 
dielectric  constant  are  usually  employed.  We  chose  mixtures  of  formic  and  acetic  acids,  i.e.  solvents  of  the 
same  character  but  with  markedly  different  dielectric  properties. 


The  results  of  the  investigation  show  that  in  mixed  acid  solvents  the  strength  of  mineral  acids  is  related  to 
the  permittivity  value.  The  lower  the  latter,  the  weaker  the  acid.  And  the  lower  die  permittivity,  the  greater 
is  the  differentiating  action  of  the  mixed  acid  solvents.  This  is  illustrated  by  the  value  of  ApK,  i.e.  the  diff¬ 
erence  between  pK  for  perchloric  acid  and  pK  for  toluenesulfonic  acid  in  die  same  solvent. 


SUMMARY 

1.  A  study  has  been  made  of  the  influence  of  mixtures  of  formic  and  acetic  acids  of  different  composition 
on  the  strength  of  mineral  acids. 

2.  It  has  been  shown  that  mixtures  of  formic  and  acetic  acids  are  quite  suitable  as  media  for  acid-base 
titration.  The  relationship  between  the  titration  conditions  and  die  composition  of  the  mixture  has  been  ex¬ 
amined,  and  the  ratios  of  die  ionic  product  of  the  medium  to  the  constant  of  the  acid,  which  characterize 
the  titration  conditions,  have  been  calculated. 
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3.  It  has  been  cstablislicd  that  with  Increase  in  the  mole  fraction  of  the  acetic  acid,  i.e.  with  decrease 
in  the  permittivity  of  the  mixture,  the  strength  of  mineral  acids  decreases.  The  differentiating  action  increases 
with  decrease  in  the  permittivity  of  the  mixed  solvents. 
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CERTAIN  PROPERTIES  OF  SUPERSATURATED  SOLUTIONS  OF 
NajS04  AND  ITS  CRYSTALLINE  HYDRATES 


Khr.  Bala  rev 


The  present  work  is  devoted  to  the  question  of  spontaneous  crystallization  of  supersaturated  solutions  and 
In  particular  of  Na2S04  solutions,  and  also  to  a  determination  of  the  rate  of  the  spontaneous  process 

10  Na2S04  •  7H2O  =  7Na2S04  •  lOHjO  +  3Na2S04  (A) 

Not  ail  supersaturated  solutions  crystallize  when  the  sides  of  the  vessel  are  rubbed  with  a  glass  rod.  Thus, 
for  example,  NaBr  solutions  crystallize  as  soon  as  the  glass  rod  touches  the  walls,  whereas  solutions  of  Na2S04 
and  NaOCXnij  do  not  possess  this  property  [1].  The  experiments  carried  out  have  shown  that  the  properties 
mentioned  do  not  change  down  to  temperatures  of-4*  at  concentrations  from  18  to  31‘7(i  by  weight. 

The  explanation  given  for  the  fact  tliat  supersaturated  solutions  crystallize  when  the  vessel  is  rubbed 
with  a  glass  rod,  namely,  that  tiny  particles  are  broken  off  and  function  as  nuclei,  has  been  rejected  on  the 
basis  of  the  following  experiments  which  have  been  carried  out. 

Pieces  of  different  glass  were  placed  in  an  agate  mortar  to  which  a  saturated  solution  of  Na2S04  was 
added,  and  tlie  pieces  ground  up.  This  did  not  lead  to  crystallization.  Supersaturated  solutions  of  Na2S04 
again  did  not  crystallize  when  the  mincrab  fluorite,  gypsum  or  calcite  were  ground  up  in  them.  In  contrast 
to  this,  supersaturated  solutions  of  NaBr  crystallize  even  when  the  rubbing  is  carried  out  with  a  glass  rod  tipped 
with  rubber. 

Every  supersaturated  solution  has  its  own  rate  of  spontaneous  crystallization,  which  b  measured  by  the 
number  of  nuclei  appearing  spontaneously  in  unit  volume  of  the  solution  in  unit  time  at  a  given  supersaturation. 
Experiments  carried  out  with  different  initial  solution  concentrations  have  shown  that  supersaturated  solutions 
of  Na2S04  can  stand  for  months  in  dishes  covered  with  clock  glasses  without  giving  any  precipitate  of  Na2S04* 
IOH2O  crystab,  which  shows  that  the  rate  of  spontaneous  crystallization  of  thb  crystal  hydrate  is  low.  In  all 
cases  Na2S04*7H20  was  formed.*  Thus,  Independently  of  evaporation  of  the  solvent,  the  comentration 
corresponded  to  that  which  a  saturated  solution  of  Na2S04*7H20  would  have  at  that  temperature.  Super¬ 
saturated  solutions  of  NaOOCCHialsohavealow  rate  of  spontaneous  crystallization.  Under  similar  conditions, 
supersaturated  solutions  of  NaBr  are  stable  for  no  more  than  two  days.  From  these  examples  a  connection  has 
been  established  between  the  rate  of  spontaneous  crystallization  and  the  effect  of  rubbing. 

It  has  been  established  that  both  eontradictory  properties  of  supersaturated  solutions  when  the  containing 
vesseb  are  rubbed  with  a  glass  rod  (the  erystaliization  of  NaBr  *21120  and  the  absence  of  crystallization  In  the 
case  of  Na2S04  •  IOH2O)  are  related  to  one  another  and  explained  by  the  existenee  of  a  transitional  supersaturated 
solution.  For  example,  if  a  solution  of  Na2S04  (saturated  at  100*)  Is  brought  to  a  definite  temperature,  say  12* , 
and  then  cooled  comparatively  rapidly  to  8,5*,  without  mbbing,  then  In  many  cases  Na2S04*7H20  crystallizes 
spontaneously:  solutions  which  do  not  crystallize,  however,  are  abo  found  (see  Table).  If  such  a  solution,  which 
has  not  crystallized,  and  which  has  been  kept  for,  say,  one  day  at  that  definite  temperature  (8.5*),  is  sub¬ 
jected  to  friction,  or  If  the  same  solution  is  subjected  to  friction  witliout  the  rapid  cooling,  then  no  crystalli¬ 
zation  takes  place  in  either  case. 


•The  crystal  hydrate  Na2S04*7H20  Is  mctastable,  as  a  result  of  which  It  has  a  higher  solubility  at  the 
given  temperature. 
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T  ABLE 


The  friction  in  our  expe  rime  ills  was  achieved  using 


a  stirrer  with  centrifugal  attaclimc'iu  (a)  shown  in  the  Figure, 
and  the  time  of  nibbing  did  not  exceed  1  hour.  In  the 
case  of  Na2S()4,  wlicn  cooling  was  accompained  by  fric¬ 
tion,  the  heptahydrated  sulfate  always  crystallized  out. 

Tlie  rate  of  spontaneous  crystallization  of  Na2S04’ 
71I2O,  altliough  very  much  greater  than  the  rate  of  cry¬ 
stallization  of  Na2S04 '  IOH2O,  is  nevertheless  low,  and 
is  considerably  increased  only  by  rapid  lowering  of  the 
temperature.  Titus  in  this  case  a  simple  connection  Is 
established  between' tlie  rate  of  spontaneous  crystallization 
and  the  friction  effect. 

If  tlie  same  supersaturated  solution,  under  identical 
conditions,  can  have  different  rates  of  spontaneous  cry¬ 
stallization  depending  on  the  preliminary  treatment, 
then  this  must  be  caused  by  different  structures  in  the 
solutions.  Ageing,  I.e.  the  change  in  the  properties  of 
a  rapidly  cooled  solution  with  time,  is  probably  related  to 
the  rate  of  formation  of  different  quasicrystalline  groupings 


under  the  given  conditions,  which  has  an  influence  on 


the  probability  of  formation  of  an  actual  crystalline  nucleus. 


Experiments  1  and  2  were  carried  out  simulta-  described  below  indicate  that  a  thin  layer 

ncously,  but  the  solutions  in  experiment  2  were  pre-  (adsorbed)  of  a  crystalline  salt  on  glass,  metal  or  charcoal 
pared  and  brought  to  the  constant  temperature  24  ^  comparatively  low  rate  of  dissolution.  Thus  If  the 

hours  aferthe  solutions  in  experiment  1  were  prepared,  gjasg  jgd  used  for  rubbing  the  sides  of  the  vessel  is  pre¬ 
viously  kept  in  contact  (for  several  minutcs)with  Na2S04*  IOH2O  crystals  and  is  not  very  carefully  washed  In 
running  water  (for  example  1-2  minutes  with  the  rod  moving  vigorously)  and  after  this  in  cold  distilled  water, 
then  when  this  rod  is  immersed  in  a  supersaturated  solution  no  crystallization  takes  place  for  a  certain  time  (for 
example  up  to  half  an  hour  and  in  rare  instances  up  to  1  hour)  after  which  the  solution  begins  to  crystallize 
from  the  point  of  contact  of  the  rod  with  the-  crystalline  phase,  i.e.  from  the  above-mentioned  adsorbed  layer. 
When  rubbing  takes  place  with  such  a  rod,  however,  crystallization  takes  place  at  once.  Similar  experiments 
were  carried  out  with  NaOOCCllj‘3lIjO and  Na2S04*71l20  instead  of  Na2S04 •  IOH2O  with  the  same  result. 

If  the  rod  is  washed  for  a  long  time  in  running  water  (for  example  for  several  hours)  then  in  the  majority  of 
cases  no  amount  of  rubbing  brought  about  crystallization.  The  same  effect  is  found  if  the  dish  is  subjected  to 
the  same  treatment.  For  the  case  described  the  nature  of  the  glass  used  plays  some  part.  Thus,  for  example, 
no  effect  of  this  sort  is  observed  at  all  with  quartz  glass,  while  in  the  case  of  Jena  glass  the  effect  Is  observed 
under  those  conditions  where  the  contact  witli  the  crystals  and  the  washing  with  water  takes  place  so  that  the 
temperature  of  the  system  does  not  exceed  7  *  and  at  15*  the  effect  is  again  not  observed.  Bohemian  glass  gives 
a  positive  effect  up  to  20*. 


Experiments  were  carried  out  witli  metallic  rods-copper,  iron  and  nickel- as  well  as  with  glass  rods.  When 
these  rods,  after  being  In  contact  with  the  crystalline  phase  and  left  for  several  days  in  cold  ninning  water,  were 
rubbed  against  the  sides  of  a  vessel  with  a  saturated  solution,  Na2S04 •  101120  crystallized  immediately.  A  par¬ 
ticularly  powerful  effect  was  brought  about  by  a  carbon  rod.  Wlien  this  had  been  washed  for  a  long  time  in  running 
water  (10  days)  and  immersed  in  a  solution,  it  did  not  bring  about  erystallization,  whieli  began  only  on  tubbing. 

If  tlie  carbon  rod  is  left  in  the  supersaturated  solution  without  nibbing,  tlicn  the  solution  may  not  erystallize 
even  after  2  days.  The  carbon  rod  retains  the  property  of  being  able  to  bring  about  crystallization  even  up  to 
27*,  but  a  short  immersion  in  water  (for  several  seconds)  at  temperatures  above  30*  is  sufficient  to  rob  it  of 
this  property. 


An  explanation  of  this  phenomenon  can  lie  given  only  if  we  assume  tliai  the  fine  crystals.  In  contact  witli 
definite  surfaces,  change  their  properties,  and  in  particular,  the  property  of  liringing  supersaturated  solutions 
out  of  their  metastable  state.  'Mie  existence  of  such  crystalline  layers  lias  l>een  established  by  other  authors. 
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In  this  respect  considerable  interest  is  attached  to  a  work  [2] 
whose  results  agree  fully  with  the  data  from  our  work.  In  a  paper  by 
Richards  [3],  similar  observations  are  taken  as  the  basis  for  postulating 
the  existence  of  crystalline  forms  melting  at  higher  temperatures  tiian 
the  melting  point  of  the  crystalline  mass.  Particularly  extensive  studies 
have  been  made  in  this  connection  by  V.  I.  Danilov  [4],  who  has  worked 
with  aqueous  solutions  of  salts  and  with  melts  of  organic  compounds  and 
metals. 

It  Is  known  that  fine  crystals  have  a  measurably  greater  vapor 
pressure  and  correspondingly  greater  solubility  than  macrocrystals.  In 
all  the  cases  described  above,  however,  the  thin  crystalline  layer,  with 
no  free  surface,  probably  alters  the  properties  of  the  tiny  crystals.  The 
possibility  that  Na2S04  *71120  breaks  down  on  being  rubbed  was  examined. 
To  this  end,  supersaturated  solutions  were  left  to  stand  in  dishes  covered 
with  clock  glasses  for  a  period  of  8  months  while  the  room  temperature 
varied*  within  tlic  range  6-25*,  no  particular  precautions  being  taken 
against  convection.  Crystals  of  Na2S04  *71120  separated  on  the  bottom 
of  the  dish,  while  creeping  crystals  of  composition  Na2S04 *71120  were 
formed  on  the  sides.  No  decahydrated  sodium  sulfate  crystallized  when 
the  bottom  or  the  walls  were  rubbed.  The  solutions  were, however, 
supersaturated  with  this  material,  since  on  the  introduction  of  a  seed,  crystallization  began. 

When  crystals  of  any  crystal  hydrate  are  mbbed,  then,  as  is  well  known,  efflorescence,  i.e.  the  formation 
of  a  new  phase,  begins  from  the  damaged  spot.  By  analogy  it  may  be  expected  that  damaged  crystals  of 
NatS04*7H20  in  the  case  described  may  abo  be  converted  spontaneously  into  new  crystalline  phases  according 
to  die  equation  (A).  Thb,  however,  does  not  take  place. 
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•The  experlmenu  were  carried  out  In  a  thermostat.  After  the  supersaturated  solutions  of  Na2S04had 
stood  for  more  than  4  months  at  25*.  no  Na2S04  *  lOHjO  had  crystallized,  but  as  a  result  of  evaporation  and 
concentration  of  the  solution  the  anhydrous  salt  crystallized  out.  The  solution  above  these  crystals  proved  to  be 
supersaturated  with  Na2S04  •  10fl2O. 
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THE  VISCOSITY  OF  BINARY  SYSTEMS  WITH  CHLORAL.  IV. 


V,  V.  Udovenko  and  R.  I.  Khomenko 


The  present  article  Is  devoted  to  a  study  of  the  viscosity  of  binary  systems  of  chloral  with  acetophenone, 
benzophenone ,  benzaldchyde  and  sallcylaldehyde.  In  these  systems  the  viscosity  of  the  mixtures  after  their 
preparation  docs  not  change  and  so  the  measurements  were  carried  out  Immediately  after  the  mixtures  were 
prepared.  The  materiak  necessary  for  the  Investigation  were  previously  purified  by  repeated  distillation  and 
for  the  practical  work  the  fractions  with  the  following  boiling  points  were  taken:  acetophenone  80.0*  at  12  mm, 
benzophenone  161.0*  at  11  mm,  bcnzaldehyde  177.2*  at  731  mm  and  sallcylaldehyde  193.0*  at  727  mm. 

The  measurement  of  viscosity  and  density  In  the  system  chloral- acetophenone  was  carried  out  at  25,  50 
and  75*.  7 he  results  of  tlie  measurements  are  given  In  Table  1.  The  viscosity  isotherms  at  all  temperatures 
have  the  form  of  straight  lines,  while  the  density  isotherms  are  slightly  convex  towards  the  composition  axis. 


TABLE  1 


TTie  SystcmChloral-Acetophenone 


Chloral 
content 
(mole  % 

Viscosity 

Density 

25“ 

50' 

75" 

25“ 

50“ 

75’ 

0.00 

1.6369 

1.0920 

0.7983 

1.0246 

1.0035 

0.9823 

9.86 

1.5918 

1.0770 

0.7923 

1.0633 

1.0415 

1.0195 

19.81 

1.5319 

1.0456 

0.7735 

1.1054 

1.0805 

1.0586 

30.04 

1.4761 

1.0128 

0.7544 

1.1489 

1.1242 

1.0975 

40.67 

1.4115 

0.9845 

0.7330 

1.1967 

1.1691 

1.1437 

49.91 

1.3578 

0.9509 

0.7111 

1.2406 

1.2117 

1.1840 

59.69 

1.2919 

0.9060 

0.6922 

1.2899 

1.2587 

1.2284 

69.97 

1.2366 

0.8759 

0.6690 

1.3126 

1.3098 

1.2785 

80.03 

1.1509 

0.8355 

0.6453 

1.3922 

1.3560 

1.3192 

89.75 

1.09"'2 

0.7944 

0.6048 

1.4540 

1.4138 

1.3756 

100.00 

1.0552 

0.7641 

0.5885 

1.5013 

1.4603 

1.4186 

In  the  system  chloral- benzophenone  the  viscosity  and  density  were  measured  at  25,  50  and  75*. 

The  results  of  the  measurements  are  given  in  Table  2.  The  viscosity  and  density  isotherms  at  all  temperatures 
are  convex  towards  the  composition  axis. 

In  the  system  chloral- benzaldchyde  the  viscosity  and  density  were  similarly  measured  at  25,  50  and  75*, 
but  In  contrast  to  the  previous  two  systems  die  measurements  were  begun  several  hours  after  the  mixtures  were 
prepared  since  a  slight  change  In  the  viscosity  at  first  takes  place.  The  results  of  the  measurement  of  the  vis¬ 
cosity  and  density  are  given  In  Table  3.  The  viscosity  isotherms  arc  curves  concave  towards  the  composition 
axis,  while  the  density  isotherms  are  straight  lines. 
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TABLE  2 


Tlic  System Chloral-Bcnzopliciioiic 


Chloral 
content 
(mole  % 

Viscosity 

Density 

25* 

.50' 

7.5* 

25* 

50* 

75* 

000 

14.666, 

5.2931 

2.7537 

1.1068 

1.0799 

1.0652 

9.95 

11.730 

4.63S4 

2.5161 

1.1239 

1.1069 

1.0865 

19.95 

8.7865 

3.8736 

2.2128 

1.1555 

1.1338 

1.1124 

28.55 

7.0611 

3.3207 

1.9721 

1.1830 

'  1.1596 

1.1334 

40.10 

5.2269 

2.6853 

1.6702 

1.2190 

1.1938 

1.1601 

49.86 

3.9703 

2.2005 

1.4444 

1.2610 

1.2350 

1.2101 

58.49 

3.1629 

1.8586 

1.2630 

1.2964 

1.2678 

1.2399 

69.90 

2.3802 

1.4842 

1.046)0 

1.3417 

1.3116 

1.2821 

79.39 

1.8f>07 

1.2272 

0.8892 

1.3845 

1.3529 

1.3205 

88.87 

1.4302 

0.9867 

0.7329 

1.4347 

1.4010 

1.3644 

100.00 

1.0552 

0.7641 

0.5885 

1.5013 

1.4f)03 

1.4186 

TABLE  3 

The  System  Chloral—  Bcnzaldehyde 


Chloral 

content 

(mole 

Viscosity 

Density 

25* 

50* 

75* 

25* 

50“ 

75* 

0.00 

1.3370 

0.9745 

0.7369 

1.0455 

1.0234 

1.0001 

11.28 

1.3343 

0.9713 

0.7366 

1.0959 

1.0707 

1.0481 

21.15 

1.3664) 

0.9495 

0.7219 

1.1400 

1.1153 

1.0895 

30.13 

1.3551 

0.9475 

0.7192 

1.1830 

1.1530 

1.1277 

39.93 

1.3302 

09395 

0.7039 

1.2258 

1.1995 

1.1689 

49.85 

1.3051 

0.9009 

0.6890 

1.2735 

1.2435 

1.2127 

64.83 

1.2509 

0.8728 

0.6718 

1.3464 

1.3112 

1.2765 

80.01 

1.1548 

0.8150 

0.6297 

1.4101 

1.3746 

1.3382 

90.29 

1.1196 

0.7984 

0.6115 

1.4645 

1.4248 

1.3860 

100.00 

1.0552 

0.7641 

0.5885 

1.5013 

1.4603 

1.4186 

The  measurement  of  the  viscosity  and  density  in  the  system  chloral- salicylaldehyde  were  carried  out 
at  25,  50  and  75*.  7  he  results  of  the  measurements  arc  given  In  Table  4,  The  viscosity  isotherms  are  slightly 
convex  towards  the  composition  axis  wliile  those  of  tlic  density  arc  straight  lines. 

When  the  results  of  the  study  of  the  viscosity  in  the  system  cliloral- acetophenone  are  examined,  only  an 
extremely  slight  reaction  between  the  components  can  be  observed,  as  shown  by  the  linear  character  of  the 
viscosity  isotherm.  It  is  known  from  the  literature  that  chloral  reacu  with  acetophenone  in  die  presence  of 
acetic  acid  as  catalyst  with  die  formation  of  die  crystalline  compound  chloralacetophenone  CCl3CllOiICH2 
COCflls  [IJ.  Our  measurements  show  that  in  the  given  conditions,  chloral  and  acetophenone  do  not  form  such 
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rt  t'oiiipomitl  by  ilirL’cf  rtactioii.  I  hi  ri'  is  siinll.irly  no  rc-.ictloii  in  the  system  cltloral- bi  nzoplK  nonc. 

In  tlic  system  chloral"  Itcnzaklehyde ,  tlic  viscosity  Isotherms  arc  concave  towards  tlic  composition  axis, 
witich  provides  evidence  tliat  reaction  has  tahen  place.  Ihls  reaction  is,  however,  weakly  defined  and  contrasts 
strongly  wlUi  that  which  Is  observed  In  systems  with  alcoliob  [2,3J.  Judging  from  the  viscosity  diagram,  a  dipole 


TABLE  4 


The  system  chloral-salicylaldehydc 


Uiloral 

content 

Viscosity 

(mole  % 

■SO' 

000 

1 

2.5012 

1.5361 

9.98 

2.3121 

1.4457 

1904 

2.0972 

1.3371 

29  91 

1.9165 

1.2602 

40.08 

1.7497 

1.1679 

51.65 

1.5F07 

1.0815 

64.09 

1.4244 

0.9822 

75.91 

1.2870 

0.90.32 

89.63 

1.1185 

0.7963 

100.00 

1.0552 

0.7641 

Density 

W' 

2S'  I 

_ 

.SO’ 

75” 

1.06.30 

1.1603 

1.1380 

1.1130 

1.0171 

1.1930 

1.1673 

1.1427 

0.9595 

1.2249 

1.1914 

1.1717 

0.9093 

1.2646 

1.2372 

1.2086 

0.8643 

1.2977 

1.2679 

1.2406 

0.7993 

1.3401 

1.30S3 

1.2781 

0.7387 

1.3753 

1.3443 

1.3109 

0.6840 

1.4188 

1.3826 

1.3471 

0.6145 

1.4655 

1.4290 

1,3929 

0.5885 

1.5013 

1.4603 

1.4186 

interaction  is  probably  taking  place  in  the  chloral- benzaldehydc  system. 

From  the  viscosity  diagrams  in  the  system  chloral-salicylaldehydc,  no  reaction  takes  place  between  the 
components,  in  spite  of  the  fact  that  sallcylaldchydc  has  a  hydroxyl  group  in  the  molecule.  As  optical  studies 
have  shown  [4J,  the  spectrum  of  salicylaldchyde  docs  not  show  the  absorption  bands  characteristic  of  the  hydroxyl 
group,  since  the  hydrogen  of  the  hydroxyl  group  forms  an  intramolecular  hydrogen  bond  with  the  oxygen  of  the 
carbonyl  group  situated  In  the  ortho- position  [b].  Since  the  formation  of  an  intramolecular  hydrogen  bond  alters 
sharply  the  physicochemical  properties  of  a  substance,  tills  also  explains  the  absence  of  reaction  between  chloral 
and  salicylaldchyde. 

SUM  MARY 

1,  A  study  has  been  made  of  the  viscosity  and  density  of  the  systems:  chloral"  acetophenone,  ehloral" 
benzophenone ,  chloral-bcnzaldehyde  and  chloral-salicylaldehydc  at  2r),  SO  and  75* . 

2.  It  has  been  established  that  in  the  systems  studied  there  is  no  clearly  delincd  reaction  between  tlie 
components  leading  to  the  formation  of  a  definite  chemical  compound. 
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THE  APPLICATION  OF  CHROMATOGRAPHY  TO  THE  STUDY  OF  THE  REACTIONS 
OF  DIMET  H  YLGLYOXIME  WITH  METAL  CATIONS  .  I. 


A  .  M  .  Gurvich 


Dimethylglyoxime  (in  future  referred  to  as  HjDm  [1])  eombines  with  the  cations  of  such  metals  as  Ni, 

Co,  Fe  and  Cu  to  form  compounds  of  varied  composition  and  structure  (see,  for  example,  [2-10]),  for  the  study 
of  whose  properties  the  classical  preparative  method,  which  makes  it  possible  to  isolate  and  analyse  only  those 
compounds  which  are  the  most  stable  in  the  given  conditions  and  are  difficultly  soluble,  proves  insufficient. 
Attention  has  therefore  been  concentrated  in  recent  years  on  physico-chemical  methods  of  investigation,  and 
on  spectrophotometric  methods  in  particular  [7-10].  The  problems  being  tackled  can  only  be  more  or  less 
fully  solved,  however,  by  the  collective  application  of  a  number  of  independent  methods  of  investigation. 

The  working  out  and  application  of  new  methods  of  investigating  the  reactions  of  complex  formation  are  there¬ 
fore  among  the  most  essential  requirements  in  the  field  of  the  chemistry  of  complex  compounds  [11].  The 
study  of  the  reactions  of  H2Dm  with  cations  is  ako  of  interest  from  the  point  of  view  of  applied  chemktry  as 
a  result  of  the  ever-widening  application  of  dimethylglyoxime  in  analytical  and  preparative  chemistry  [5,6,12], 

We  have  worked  out,  and  applied  to  the  study  of  the  reactions  with  cations,  the  following  method,  which 
is  a  variation  of  the  chromatographic  method  of  M.  S.  Tsvet.  As  is  known  [13],  HjDm,  in  its  reaction  with 
metal  cations,  may  either  form  coordinate  bonds  only,  or,  together  with  them,  form  bonds  with  the  main 
valencies,  splitting  off  the  hydrogen  ion  H+  in  the  process. 

In  those  cases  where  a  sparingly  soluble  compound  Is  formed,  for  example,  Ni(HDm)j,  the  acid  which  is 
formed  in  the  reaction  process  may  be  easily  separated  from  the  precipitate  of  the  inner  complex  salt  and  ti¬ 
trated  [14].  To  separate  the  acid  from  soluble  complex  compounds  we  have  used  a  chromatographic  method 
based  on  the  difference  in  the  nature  of  the  adsorption  of  nonelectrolytes  and  strong  electrolytes  by  active 
carbon.  It  is  known  that  a  strong  mineral  acid  adsorbed  from  aqueous  solution  by  carbon  activated  at  a  high 
temperature  cannot  be  completely  desorbed  by  water  even  at  the  boiling  point  [15].  The  irreversibility  of  the 
adsorption  of  a  strong  acid  by  active  carbon  is  explained  by  the  theories  of  surface  oxides  (Schiloff,  Tschmutoff[  16])' 
and  of  the  gas  electrode  (Frumkin  et  al.  [17]  )  as  due  to  the  reaction  of  the  H+  ion  with  the  hydroxyl  groups 
of  the  electrical  double  layer  formed  on  the  surface  of  carbon  immersed  in  water.  Together  with  this  so- 
called  "  hydrolytic  "  adsorption,  molecular  adsorption  of  the  acids  as  surface -active  agents  ako  takes  place 
[18,19].  By  saturating  active  carbon  with  hydrochloric  acid  and  washing  off  the  molecularly  adsorbed  acid  with 
water,  we  render  the  carbon  practically  incapable  of  irreversible  adsorption  of  acid.  Dimethylglyoxime  k 
then  introduced  into  a  column  of  such  carbon  by  adsorption  from  a  saturated  (0.04%  )  aqueous  solution,  while 
the  filtration  of  the  solution  through  the  column  k  stopped  before  HjDm  passes  through,  so  that  the  lower  part 
of  the  column  consisu  of  a  layer  of  carbon  containing  no  dimethylglyoxime.  When  this  column  has  been 
washed  with  water,  a  definite  quantity  of  a  dilute  (  ~0.025  N  )  solution  of  tlie  salt  (  chloride  or  sulfate  )  of  the 
metal  reacting  with  the  H2Dm  is  introduced  Into  it.  The  acid  formed  in  this  process  is  adsorbed  by  the  carbon 
chiefly  (90-98%)  ih  the  molecular  form,  which  enables  the  reaction  to  go  more  fully  to  completion  in  the  di¬ 
rection  of  formation  of  the  corresponding  complex  compound  and  at  the  same  time  enables  the  acid  to  be  ti¬ 
trated  after  desorption  with  water;  In  thk  way  the  number  of  saltforming  oxime  groups  is  determined  and  this 
In  turn  makes  it  possible  to  reach  various  conclusions  on  the  stmeture  of  the  compounds  formed  in  the  column. 

For  example,  the  formation  of  the  following  compounds  may  be  postulated  for  cobalt  In  these  conditioiis: 
Co(HDm)2,  [Co(HDm)i(H20)j]  Cl  and|Co(H2Dm)z]Cl2  [8,  10,  13].  In  the  case  of  the  formation  of  Co(HDm^ 
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+  ,  ++ 

2  moles  of  11  should  be  liberated  for  every  mole  of  Co  which  combines  with  lljDm: 

CoClj  +  21 12  Dm  =  Co(lI  Dm)^  +  211C1. 

'The  formation  of  one  mole  of  fCofllDinlgflljOl^X^l  should  be  accompanied  by  the  liberation  of  one  mole 
of  h'^  : 

1  3 

CoCla  +  2Il2Dm  +  -  O*  +-  II2O  =  [Co{Hnm)2(H20)2lCl  +  HCl. 

Finally,  if  the  reaction  product  is  [Co(n2Din)2]Cl2,  no  acid  should  be  liberated. 

++ 

For  Cu  in  the  reaction  conditions  of  a  column  of  the  type  described,  which  we  shall  refer  to  in  future 
as  a  charcoal-dimefhylglyo.xime  column,  the  formation  of  two  compounds- Cu(HDm)2  and  (CuHDm)Cl-may 
be  postulated  [7].  We  may  similarly  expect  the  liberation  of  two  or  one  moles  of  acid  for  every  mole  of  Cu  • 
reacting  with  the  H2Dm.  A  similar  situation  ol^tains  for  the  reaction  of  divalent  iron  witli  H2Dm  [9J. 

EXPERIMENTAL 

We  used  carbon  differing  from  ordinary  mark  "A"  clarifying  carbon  In  die  size  of  the  particles,  which 
were  0.2-0.5  mm  in  diameter,  and  purified  from  ash  impurities  in  the  same  way  as  the  carbon  used  for  the 
chromatographic  purification  of  the  raw  material  for  phosphors  [12].  In  order  to  bring  the  chemical  adsorption  • 
to  a  minimum,  which  is  determined  by  tlie  kinetics  of  the  process  [20]  (equilibrium  in  the  adsorption  of  the 
acid  by  the  carbon  cannot  be  reached  in  time  intervals  measured  in  days),  we  treated  the  carbon  with  con¬ 
centrated  hydrochloric  or  sulfuric  acid  in  static  conditions,  first  with  heating  and  then  in  the  cold,  or  else  by 
passing  a  dilute  solution  of  HCl  or  H2SO4  through  the  column  until  an  approximately  constant  acid  concentration 
was  established  in  tlie  filtrate  (  ~  96‘5fc  of  the  starting  concentration).  The  molecularly  adsorbed  acid  was  then 
washed  from  the  carbon.  We  observed  that  in  the  conditions  of  the  dynamic  experiment,  in  which  0.025  N  HCl 
solution  was  used,  the  carbon  adsorbed  chemically  0,04-0.06  milliequivalents  HCl  per  gram  of  carbon  and 
adsorbed  physically  0.14-0.16  milliequivalents/ g  [15]. 

H2Dm  was  then  introduced  by  adsorption  from  750-1200  ml  of  an  aqueous  solution  saturated  at  18-20* 
into  a  column  previously  saturated  with  water  and  prepared  in  all  experiments  from  6  g  of  air- dry  carbon.  It 
should  be  noted  that  neither  the  H2Dm  nor  the  salts  of  Ni  ,  Co  ,  Cu  and  Fe  displace  the  acid  from  carbon 
which  has  been  treated  as  described  above.  The  preparation  of  the  column  for  the  experiment  was  completed 
by  washing  with  200-300  ml  water. 

The  experiments  were  carried  out  with  the  chlorides  and  sulfates  and  the  column  was  appropriately  treated 
beforehand  with  either  HCl  or  H2SO4  as  described  above,  althou^  in  work  using  the  sulfates  on  columns  saturated 
with  HQ,  the  results  obtained  differed  only  very  slightly  from  the  results  of  experiments  on  carbon  treated  with 
H2SO4.  In  each  experiment  20  ml  of  ~  0.025  N  solution  of  the  Cu"*^,  Co++  or  Fe'*^  salt  was  introduced 
on  to  the  column,  after  which  the  column  was  washed  with  water.  The  filtrate  was  collected  in  100-200  ml 
portions  and  titrated  with  0.1  N  NaOH  using  methyl  orange. 

The  choice  of  volume  and  concentration  of  solution  was  governed  by  the  desirability  of  carrying  the 
reversible  reaction  as  far  as  possible  in  the  direction  of  formation  of  the  appropriate  dimethylglyoxime  compound 
and  at  the  same  time  giving  tlie  least  possible  reduction  in  the  accuracy  of  the  experiment  due  to  the  decrease 
in  the  quantity  of  the  cation  reacting  with  the  dimethylglyoxime.  No  buffer  mixture  was  added  to  the  solution 
since  it  was  desired  to  obtain  a  strong  mineral  acid  as  reaction  product. 

*4**^ 

In  the  experiment  with  Cu  the  filtrate  did  not  liberate  iodine  from  KI,  while  a  drop  test  for  Cu 
with  nibeanic  acid  gave  a  negative  result. 

The  degree  of  adsorption  of  Ni^^  and  Co^^  by  the  column  was  likewise  close  to  100%,  but  in  these 
experiments  we  introduced  a  correction  for  the  quantity  of  unreacted  cation  obtained  by  determinii^  the  total 
salt  concentration  (NaCl  +  CoCl2  or  NaCl  +  NiCl2)  in  the  first  300  ml  of  filtrate  after  titration,  using  a  column 
of  cation  exchange  resin  in  the  H-form.  To  establish  the  quantity  of  acid  in  the  filtrate  from  the  experiment 
with  divalent  iron,  which  is  adsorbed  by  the  column  to  the  extent  of  only  30-40%,  we  used  a  H-cation  exchanger 

•  We  iced  here  the  terminology  suggested  by  M.  M.  Dubinin  [21], 


to  determine  tire  sum  of  le  +  II  [‘22)  and  a  gravimetric  mctliod  to  detcmiine  the  Fe  content.  The  experiment 
was  started  immediately  after  the  preparation  of  the  R  SO4  solution.  No  rednetant  was  added  to  the  starting 
solution.  Its  role  is  taken  in  tlie  conmn  by  the  carbon  [23J.  The  pH  of  the  starting  solution  was  4.2,  while 
the  pH  of  the  solutions  of  the  salts  of  the  other  eations  was  in  the  range  5-6. 

In  all  the  experiments  we  waslied  tlic  acid  from  the  carbon  until  tltc  pH  of  the  filtrate  had  reached 
3.8-3.n,  both  after  treating  the  carbon  with  acid  and  after  completing  the  reaction  between  the  metal  cation 
and  tlie  dimethylglyoxime.  This  required  approximately  800  ml  of  water  and  led  to  satisfactory  agreement 
of  results  in  a  scries  of  successive  experiments  on  the  same  column. 

The  experimental  results  (including  those  of  a  preliminary  experiment  carried  out  to  determine  the 
residual  liydrolytic*  adsorption  of  the  acid  under  conditions  close  to  those  of  the  otlier  experiments)  are 
given  in  the  table. 

The  results  for  each  cation  are  the  mean  of  at 
least  two  experiments ,  the  carbon  used  in  these  exper¬ 
iments  being  previously  treated  with  concentrated 
hydrochloric  or  sulfuric  acid  as  described  above.  Ex¬ 
periments  carried  out  with  carbon  treated  with  acid 
directly  on  the  column  gave  results  which  were  sub¬ 
stantially  the  same  as  those  given  in  the  table. 


DISCUSSION  OF  RESULTS 

Examination  of  the  data  given  in  the  table  shows 

that  when  the  reaction  between  HjDm  and  Ni  ,  Cu  , 

++  ++ 

Co  and  Fe  is  carried  out  in  the  conditions  obtaining 
in  a  chromatographic  carbon-dimethylglyoxime  column 
of  the  type  described,  approximately  one  milliequivalent 
of  H  ion  is  liberated  for  every  milliequivalent  of  cation 
entering  into  the  reaction.  It  is  difflcult  to  achieve  a 
greater  accuracy  in  these  experiments,  both  as  a  result 
of  the  particular  nature  of  the  kinetics  of  the  irreversible 
adsorption  of  acid  by  active  carbon  and  also  as  a  result  of  the  length  of  time  taken  by  the^^rocess  of  desorption 
of  the  molecularly  adsorbed  acid  on  the  carbon.  The  slightly  low  results  for  Ni  and  Cu  are  explained  by 
the  fact  that  the  reaction  in  these  cases  takes  place  for  the  most  part  in  die  upp>er  layers  of  the  column,  as  a 
result  of  which  a  solution  of  acid  is  formed  whose  concentration  may  considerably  (according  to  an  approximate 
calculation -by  5-10  times)  exceed  the  concentration  of  the  acid  (0.0250  N)  in  the  preliminary  experiment. 
This  brings  about  a  more  intense  adsorption  of  the  acid  than  in  the  experiment  with  Co  ,  which  in  the  given 
conditions  apparently  forms  a  less  stable  compound  with  H2Dm,  which  is  indicated  by  the  fact  that  the  appear¬ 
ance  of  Co  in  the  filtrate  is  observed  after  the  passage  of  a  smaller  volume  of  starting  solution  than  is  re¬ 
quired  for  the  appearance  of  Cu  and  Ni  .  In  the  case  of  Fe  ,  the  somewhat  low  result  may  be  caused  by 
the  fact  that  the  carbon,  whose  adsorptive  powers  towards  Fe  are  greater  than  towards  Co  [20],  may  not 
lose  completely  its  power  to  adsorb  Fe  hydrolytically,  even  after  the  treatment  with  acid.  Evidence  for  this 
Is  provided  by  the  experiments  of  Shilov  and  Lepin,  who  showed  [20]  that  in  the  presence  of  HCl  the  adsorp¬ 
tion  of  CdClj,  which  Is  almost  identical  to  CoCl^  in  Its  adsorption  on  active  carbon,  is  lowered  to  zero,  whereas 
the  adsorption  of  FeS04  in  the  presence  of  H2SO4  falls  only  to  13.5‘5i>  of  the  original. 

1  he  liberation  of  an  equivalent  amount  of  acid  in  the  reaction  of  a  divalent  metal  cation  with  H2Dm 
may  result  from  the  formation  of  a  compound  of  the  type  Me(HDm)2  or  the  type  MeDm.  Since,  however,  die 
second  oxime  group  of  H2Dm  functions  as  a  salt- forming  group  only  in  alkaline  medium  [7,9,13],  die  only 
conclusion  to  be  reached  is  that  in  the  reaction  with  H2Dm,  under  the  conditiot^obtaMng  in  a^romato- 
graphic  column  of  the  type  described,  all  four  of  the  cations  studied  -Ni  ,  Cu  ,  Co  and  Fe  —form  a 
compound  of  the  type  Me(HDm)2. 

At  first  glance  diis  conclusion  may  seem  to  contradict  the  observations  of  A.  K.  Babko  et  al.  [7-9]  on 
the  influence  of  pH  In  the  reaction  of  Cu  ,  Fe  and  Co  with  H2Dm.  In  our  opinion,  this  discrepancy 


Cation 

1 

Solution 

concentration 

(N) 

1 

Ratio  of  milliequiv.  of 
acid  liberated  in  the 
filtrate  to  milliequiv. 

of  cation  reacting  (or 
of  acid  added  to  the 
column)  (% 

H+ 

0.0250 

90.8 

N|-^+ 

0.0294 

86.8 

Cu-»-+ 

0.0224 

86.4 

Co++ 

0.0260 

95.5 

Fe++ 

0.0337 

85  9 
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may  be  explained  eitlicr  by  the  fact  liiat  coniponnds  of  the  type  McfllDni)^  arc  tlic  primary  reaction  products 
and  undergo  further  cliangc  in  solution,  wlicroas  in  the  conditions  in  the  column  the  reaction  stops  at  tire  stage 
of  tlic  formation  of  McfUDmlj,  as  a  result  of  the  adsorption  of  the  latter  by  tlic  carbon  (similar  phenomena 
have  been  observed  in  the  chromatography  of  solutions  by  other  Investigators  [24  ] )  or  by  the  fact  that  the  carboH) 
by  adsorbing  predominantly  tlic  least  polar  complexes,  causes  a  shift  of  the  equilibrium  in  the  direction  of  the 
formation  of  tliese  compounds. 

+  + 

Our  conclusion  is  confirmed  by  the  fact  that  the  compound  of  Co  with  H^Din  formed  in  the  column 
is  decomposed  by  acid,  wliercas  this  does  not  take  place  in  solution:  tlie  yellow  coloration  characteristic  of 
the  compound  formed  by  Co  and  H2Dm  in  solution  undergoes  no  noticeable  change  on  acidification  [8] 

( see  ako  [25]  ). 

The  factor  determining  the  course  of  the  process  in  tlie  column  is  evidently  the  adsorption  by  the  carbon 
of  Me(HDm)j  and  not  ll2Dm.  Thus  the  compound  of  Co  witli  ll2Dm,  formed  in  a  column  consisting  of  a 
mixture  of  carbon  and  H2Dm  j^laced  on  a  layer  of  pure  carbon  [12],  Is  decomposed  by  acid  in  the  same  way  as 
the  compound  formed  by  Co  with  the  dlmethylglyoximc  adsorbed  on  the  carbon.  We  confirmed  Indirectly 
the  result  obtained  for  Cu  ,  by  carrying  out  an  experiment  with  a  column  consisting  of  a  mixture  of  3  g  of 
carbon,  treated  with  acid  in  the  manner  described  above,  with  0.3  g  H2Dm,  on  top  of  a  layer  of  3  g  of  the 
same  carbon.  In  this  case  the  ratio  of  the  number  of  millicquivalcnts  of  acid  liberated  in  the  filtrate  to  the 
number  of  milliequivalents  of  Cu  introduced  into  the  column  equalled  0.859,  or  85.9yo.  When  the  reaction 
between  Co  and  H2Dm  was  carried  out  in  similar  conditions  only  approximately  1/5  of  the  cobalt  intro¬ 
duced  into  the  column  went  into  the  compound  with  H2Dm.  The  much  greater  extent  of  the  reaction  of  Co 
with  H{Dm  adsorbed  on  the  carbon  may  be  explained  both  by  the  increase  in  the  area  of  contact  of  the  reagents 
and  by  the  increased  reactivity  of  the  H2Dm  in  the  adsorbed  condition. 


SUMMARY 

1.  A  method  has  been  worked  out  for  the  study  of  complex  formation  between  metal  cations  and  organic 
reagents  which  are  weak  acids  sparingly  soluble  in  water.  The  method  consists  of  tlie  separation  of  the  acid 
formed  in  the  reaction  from  the  complex  compound,  and  is  based  on  the  different  nature  of  adsorption  on 
carbon  of  non-electrolytes  and  strong  electrolytes  and  the  dual  character  of  the  adsorption  of  strong  mineral 
acids. 

2.  It  has  been  established  that  when  the  reactions  of  Cu^^,  Co^^  and  with  dimethylglyoxime  are 
carried  out  in  weakly  acid  medium  In  conditions  where  the  complex  compounds  formed  arC  adsorbed  by 
carbon,  the  reaction  products  are  compounds  of  the  general  formula  Me(HDm)2. 
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rilE  wS  YN'I  ME  SIS  Ol-  1  . 1  -  D 1 1’ H  E  N  Y  I.  -  4  (  OR  4  .4  )- A  I,  K  Y  L(  OR  A  R  Y  I. )  A  L  K  A  N  E  S 
VIA  :i,;i  DirilEN  Yl.iun  YRON  ITRII.E 

A.  I).  Petrov  and  V.  M.  Vdovin 


The  synthesis  of  aliphatic- aromatic  hydrocarbons  of  the  above  type  has  np  till  now  been  carried  out  by 
the  reaction  of  phenyl  Mg  halide  with  esters  of  monobasic  acids  [1|  or  of  adipic  acid.  However,  whereas  the 
first  reaction  led  to  tlie  formation  of  alcohols  in  whicli  only  one  of  the  radicals  could  be  varied,  the  second 
gave  a  glycol  witli  four  identical  radicals.  In  tlic  present  worU  a  synthesis  is  suggested  which  enables  compounds 
to  be  prepared  with  two  different  radicals  out  of  four,  wliich  may  lead  to  forms  with  lower  freezing  points. 

A.  D.  Grebenyuk  and  I.  P.  Tstikervanik  [2  )  have  recently  carried  out  a  Friedel- Crafts  reaction  with  6- 
chloropropionitrilc  and  chlorobenzene  and  also  with  benzene: 

AIQ) 

ClCcHs  +  ClCHzCHjCN-  ->  ClC6ll4ai2CM2C:N. 

We  have  succeeded  in  carrying  out  the  condensation  under  similar  conditions  of  0-trichloromctliylpro- 
pionitrile  with  benzene,  which  takes  place  according  to  the  equation: 

C13CCH2CII2CN  +  CeH8-‘'^*>(C6H5)2CHCH2CH2CN. 

The  3,3-diphenylbutyronitrilc  obtained  proved  to  be  a  convenient  starting  material  for  the  synthesis 
both  of  the  corresponding  acid  and  of  various  ketones-  intermediate  products  in  tlie  synthesis  of  the  hydrocarbons. 
Hie  reactions  carried  out  in  this  investigation  are  represented  by  the  following  scheme: 


(C5H5)2CHCH2CHjCN (CeH5)2CHCHjCH2C0CgHj  (CgHs)*  CHCHjCHjCHtCjH, 


(C6H5)2CHCH2CH2C0C2H5 


(CjH5)2CHCH2CH2C00H 


(C6H5)2CHCH2CH2C0CH3 


3,3-Dipheiiylbutyric  acid,  which  proves  the  structure  of  our  nitrile,  has  been  prepared  earlier,  but  by  a 
different  method,  fromy -phenylbutyrolactone  and  benzene  using  AICI3  [3];  1,4,4-triphenylbutane  has  been 
synthesized  for  the  first  time;  the  ketones  indicated  in  the  scheme  have  also  been  obtained  for  the  first  time. 
5,5-Diphcnylpcntanone-2  and  4,4-diphenylbutyrophenone  formed  derivatives  with  2,4-dinitrophenylhydrazinc 
immediately  after  addition  of  the  reagent  in  the  cold;  6,G-diphenylhexanone-3  gave  a  hydrazone  with  2,4- 
dinitrophcnylliydrazine  after  24  hours. 

In  addition,  attempts  were  made  to  carry  out  the  reaction  between  CI3CCH2CH2CN  and  different  Grignard 
reagents  (CIl3MgI,  Cll3MgCl,  CjMsMgBr),  which  were  taken  in  different  concentrations  relative  to  the  nitrile 
(from  1  to  7  moles  for  1  mole  of  nitrile).  In  all  cases  the  reaction  took  place  in  a  undesirable  direction.giving 
rise  to  condensation  products  insoluble  in  ether. 
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EXPERIMENTAL 


Tricliloromctliylpropioiiitri  Ic  was  prepared  by  the  cyanoethylation  of  chloroform  [4].  We  prepared  this 
product  with  m.p.  41*  several  times,  in  quantities  ol  approximately  300  g  in  each  experiment;  it  was  estab¬ 
lished  that  the  yield  of  ll^  indicated  by  tlic  authors  may  be  raised  to  18%(i.e.  by  approximately  60"^,  cal¬ 
culated  from  tlie  chloroform  a’acting),  if  the  ratio  of  acrylonitrile  to  chloroform  taken  is  1.5:1  and  not  1:1. 
When  moist  or  poorly  ground  alkali  is  used,  or  when  the  ratio  is  increased  to  2:1,  the  yield  is  lowered. 

3 ,3- Diphenylbutyronitrilc.  Molten  ClsCCHjCHjCN  (200  g,  1.16  mole)  was  poured  into  1060  g  AICI3 
(8.1  mole)  and  1000  g  CgHc  (13  mole);  the  mixture  immediately  became  ted  in  color  and  after  10-15  minutes 
vigorous  evolution  of  HCl  began  and  the  reaction  mixture  became  hot,  so  that  it  had  to  be  cooled  for  the  first 
30  minutes.  When  the  vigorous  evolution  of  gas  had  ceased,  the  mixture  was  heated  to  the  boiling  point  of 
the  benzene  and  stirred  for  18  hours*.  The  reaction  mixture  was  then  poured  carefully  onto  ice.  The  aqueous 
layer  was  separated  from  the  organic  layer  and  extracted  twice  with  1000  ml  benzene.  The  benzene  extracts 
were  combined,  washed  with  a  solution  of  sodium  carbonate,  then  with  water,  and  dried  over  NaiS04.  The 
benzene  was  distilled  off  and  the  diick  black  residue  vacuum  distilled.  After  a  second  distillation  the  fraction 
with  b.p.  181*  (3  mm)  was  collected  and  this  crystallized  after  24  hours.  After  three  recrystallizations  from 
ethyl  alcohol  the  substance  melted  at  48.5-49*.  Yield  78.5*51). 

Found  <5l>:  C  86.27,  86.40;  H  6.68,  6.91;  N  6.11,  6.28  C^H^N.  Calculated  “Jk:  C  86.83;  H  6.82;  N  6.33. 

5,5-Diphenylpentanone-2.  22  g  (0.1  mole)  3,3-diphcnylbutyronitrile  in  100  ml  ethyl  ether  was  added 
with  stirring  over  a  period  of  30  minutes  to  the  Grignard  reagent  prepared  from  42  g  (0.3  mole)  CH3I  and  7.2 
g  Mg  (0.3  mole)  in  100  ml  absolute  ethyl  ether.  The  mixture  was  left  overnight.  The  reaction  mass  was  then 
poured  into  a  two-liter  flask  containing  a  mixture  of  400  g  ice  and  100  g  concentrated  HCl.  The  organic  layer 
was  separated  ,••  and  the  aqueous  layer  extracted  twice  with  100  ml  volumes  of  ether.  The  extracts  were  com¬ 
bined,  washed,  and  dried  with  Na2S04.  The  ether  was  distilled  off  and  needle- like  crystals  were  obtained  by 
cooling  the  residue.  Distillation  under  reduced  pressure  yielded  13  g  oil  with  b.p.  180-183*  at  6  mm,  which 
crystallized  in  the  receiver.  After  two  recrystallizations  from  ethyl  alcohol  the  substance  melted  at  86.5-87*. 
Yield  54.5*55). 

Found:*5t:  C  85.15,  85.25;  H  7.65,  7.58.  CitH^O.  Calculated  *5i):  C  85.67;  H  7.61. 

The  2,4-dinitrophenylhydrazone  of  the  ketone  melted  at  114-115*. 

Found  *55):  N  14.03,  13.80.  C23H22O4N4.  Calculated  N  13.39. 

6,  6  Diphenylhexanone-3L  30  g  (0.13  mole)  of  3,3-diphenylbutyronitrile  in  100  ml  ether  was  poured  into 
a  Grignard  reagent  prepared  from  43  g  (0.39  mole)  CfHjBr  and  9.6  g  Mg  (0.4  mole)  in  100  ml  ether.  Vacuum 
distillation  of  the  reaction  product  gave;  21  g  of  a  substance  (  an  oil,  crystallizing  in  the  receiver)  with  b.p. 
175-176*  (2mm)  and  3  g  with  b.p.  176-182*  (2  mm).  After  two  recrystallizations  from  alcohol  tlie  substance 
melted  at  69-71*.  Yield  70‘5b. 

Found  1H):  C  86.01,  85.94;  H  7.95,  8.09.  CmHjjO.  Calculated  *55):  C  85.77;  H  7.98. 

The  2,47dinitrophenyIhydrazone  of  the  ketone  melted  at  124-126*. 

Found  *55):  N  13.26,  13.05.  C24H24O4N4.  Calculated  N  12.95. 

1,4,4-Triphenylbutanone-l  (4.4-diphenyU>utyrophetK)ne)  was  prepared  similarly  from  9.6  g  (0.4  mole) 
g  (0.39  mole)  CcHgBr  and  30  g  (0.13  mole)  3,3-diphenylbutyronitrile.  The  ether  was  distilled  off  and 
the  product  rectystallized  three  times  from  ehier  to  give  15  g  of  substance  with  m^).  91-92*.  The  mother 
liquor  was  vacuum  distilled  and  12  g  of  oil  widi  b.p.  222*  (2  mm),  crystallizing  in  the  receiver,  was  obtained. 


*  When  the  tests  were  repeated  it  was  found  that  heating  for  12  hours  was  sufficient. 

*  *  In  the  synthesis  of  this  ketone  and  the  ketones  described  below,  a  greasy  substance,  insoluble  in 
organic  solvents,  always  separated  on  the  walls  of  the  separating  funnel. 
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After  one  recrystallization  from  etlier  the  substance  melted  at  Yield  64.5'5S). 

Found  %:  C  87.1)0,  88.05;  110.78,0.75.  CjjHaoO.  Calculated  %:  C  88.05;  H  0.71. 

The  2,4-dinltrophenyDtydrazone  ol  tlie  kettwie  melted  at  157-158°, 

Found  7»:  N  11.22,  11.25.  C2*ll2404N4.  Calculated  N  11.44. 

3,3-l)ipheuylhutyrie  aeid*  was  prepared  by  licatiug  22  g  (0.1  mole)  of  3/3-diphenylbutyronitrile  under 
reflux  with  100  ml  concentrated  hydroeltlorie  acid.  After  20  hours  heating  the  hydrochloric  acid  was  replaced 
4  times  witlt  fresh  material.  I  he.  contents  of  the  flask  were  then  treated  with  100  ml  ether  (two  portions), 
the  extracts  combined  and  dried  with  Na2S04.  The  ether  was  distilled  off  and  tlie  residue  vacuum  distilled; 
a  fraction  with  b.p.  183-107*  (imm)  was  olitained  and  later  crystallized.  After  two  recrystallizations  from 
ethyl  alcoliol  a  product  was  obtained  with  m.p.  101-104.5*.  Yield  247>. 

Found  7o:  C  79.00,  80.07;  11  6.74,  G.77.  CwHisOk.  Calculated  7>:  C  79.98;  H  6.73. 

1,4,4-Triphenylbutane  was  prepared  from  7.8  g  4 ,4-diphenylbutyrophenone  (0.026  mole)  and  3,5  g 
(0.073  mole)hydrazine  hydrate,  dissolved  in  50  ml  ethyl  alcohol  (catalyst  Pd  /CaCQj).  4.7  g  (637»)  of  a  pale 
yellow  viscous  oil  with  b.p.  238-240*  (IGmm)  was  obtained,  the  main  part  of  the  substance  distilled  at  238* 
(16mm),  n”  1.5993,  dj®  1.0317. 

Found  7o:  C  92.33,  92.20;  117.67,7.75.  CzjHza.  Calculated  C  92.25;  H  7.74. 


SUMMARY 

1.  3,3-Diphenylbutyronitrile  has  been  prepared  for  the  first  time,  and  from  it  various  ketones  have  been 
synthesized  (5,5-diphenylpentanone-2,  6,  6-diphenylhe.\anone-3,  4, 4-diphenylbutyrophenone). 

2.  A  route  to  the  synthesis  of  asymmetric  aliphatic- aromatic  hydrocarbons  of  the  type  1,1- diphenyl-4 
(or  4,4)-alkyl(or  aryl)  alkanes  via  3,3-diphenylbutyronitrile  has  been  suggested. 
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THE  REACTION  OF  C  H  LO  RO  A  L  K  Y  L  C  H  LO  ROS  I  L  A  N  ES  WITH  AROMATIC  COMPOUNDS 


IN  THE  PRESENCE  OF  METALLIC  ALUMINUM 


E.  A.  Chernyshev  and  M.  E.  Dolgaya 


In  earlier  communications  [1,2J  we  have  examined  the  question  ol  silicoalkylation  of  aromatic  compounds 
with  different  chloroalkylchlorosilanes  in  tlic  preserree  of  aluminum  chloride.  It  has  been  shown  that  benzene, 
clilorobenzene  and  toluene  may  be  silicoalkylated  with  chloromethyltrichlorosilane  and  also  a-  and  g-  chloro- 
ethylchlorosilanes  in  yields  of  up  to  80%.  It  has  also  proved  possible  to  use  dichloromethyltrichlorosilane  in 
this  reaction.  The  most  active  compound  of  those  studied  was  fl -chloroethylethyldichlorosilane.  The  use  of 
this  last  chloride  opened  up  a  new  route  to  the  synthesis  of  a  series  of  organosilicon  compounds  with  two  hydro¬ 
lyzable  groups  on  the  silicon. 

One  disadvantage  of  the  reaction  in  the  presence  of  AICI3  lies  in  the  fact  that  in  a  number  of  cases  a 
considerable  amount  of  tar  formation  takes  place,  which  makes  the  isolation  of  the  reaction  product  difficult. 
Thus  tlie  products  of  the  reaction  of  chloralkylchlorosilanes  with  diphenyl  and  with  naphthalene  could  not  be 
isolated  because  of  tar  formation.  In  addition,  it  is  necessary  to  remove  the  AICI3  quantitatively  in  the  form 
of  its  complex  with  POCI3  before  distillation  to  prevent  tar  formation  in  the  distillation  process. 

Considerable  interest  has  been  attached  to  the  search  for  a  method  of  carrying  out  the  reaction  which 
would  bring  tar  formation  to  a  minimum.  With  this  aim  we  also  turned  our  attention  to  a  study  of  the  reaction 
of  silicoalkylation  in  the  presence  of  metallic  aluminum.  The  use  of  metallic  aluminum  in  the  Friedel- 
Crafts  reaction  was  first  suggested  by  Radziewanowski  [3]  and  afterwards  used  successfully  by  V.  D.  Azatyan 
[4],  and  also  by  N.  G.  Sidorova  and  by  I.  P.  Tsukervanik  et  al.  [5,6]. 

Metallic  aluminum  with  alkyl  halides  first  forms  RA1C12  ,  i^AlCl  or  aluminum  halides,  which  also  are 
catalysts  for  the  reaction.  The  compounds  mentioned  have  evidently  increased  reactivity  at  the  moment  of 
formation,  which  enables  the  reaction  to  take  place  with  the  use  of  a  very  small  quantity  of  aluminum. 

The  silicoalkylation  of  benzene  with  g-chloroethyltrichlorosilane  in  the  presence  of  aluminum  was 
successfully  achieved  and  g-phenylethyltrichlorosilane  was  obtained  in  72%  yield.  Practically  no  tar  formed 
in  the  reaction  mixture.  It  should  be  noted  that  although  only  0.2  g  of  aluminum  was  introduced  into  the 
reaction  mixture,  a  considerable  part  of  it  remained  unused.  The  silicoalkyation  of  diphenyl  and  of  naphthalene 
with  fl-chloroethyltrichlorosilane  was  also  successfully  carried  out.  In  tiiese  cases  tar  formation  took  place,  but 
not  to  such  a  great  extent  as  when  AICI3  is  used. 

6-(Phenoxyphenyl)-ethyltrichlorosilane  was  prepared  from  g-chloroethyltrichlorosilane  and  diphenyl 
oxide  in  22.5%  yield.  For  comparison  purposes,  the  silicoalkylation  of  diphenyl  oxide  was  carried  out  with 
fl-chloroethyltrichlorosilane  and  fl -chloroethylethyldichlorosilane  in  the  presence  of  AICI3.  It  turned  out  that 
the  yields  of  reaction  product  in  these  cases,  as  in  the  case  of  benzene,  were  approximately  die  same  as  when 
metallic  aluminum  was  used.  In  all  the  reactions  using  aluminum  the  quantity  of  aluminum  chloride  formed  was 
so  small  that  its  removal  with  POCI3  was  not  necessary. 
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EXPCRIMENI  AL 


1.  Tlic  reaction  of  3-clilort>cthyitricl)k)ro.sil.iiic  witli  benzene  iti  the  presence  of  aluminum,  50  g  of 
fl-clilorofthyltrichlorosilano ,  78  g  bciizmc  niul  0.‘2  g  aluminum,  in  the  form  of  fine  turnings  cut  with  a  sharp 
knife  from  aluminum  wire,  were  placed  in  a  three-necked  flask  with  mechanical  stirrer,  reflux  condenser  and 
thermometer.  Tlic  reaction  was  started  by  heating  the  reaction  mixture  to  70*.  The  hydrogen  chloride  evolved 
was  trapped  in  al  Tishchenko  flask  witlt  alkali  solution.  The  course  of  tlie  reaction  was  followed  from  the  amount 
of  hydrogen  chloride  absorbed.  VVlien  90-5)5%  of  the  theoretical  quantity  of  HCl  had  been  absorbed  the  reaction 
was  stopped.  The  precipitate  which  iiad  formed  and  the  unused  aluminum  were  filtered  off  and  the  filtrate 
distilled.  The  distillation  yielded  41.2  g  6-phenylethyltrlchlorosilane ,  yield  72.2%.  When  the  same  reaction 
was  carried  out  with  AICI3  the  yield  of  3 -phenylethyltrichlorosilane  was  8.')%. 

B.p.  82-8;i*  (2.5  mm):  240-241*  (760  mm),  nJJ  1.5170,  1.2412,  MR^  58.30;  calc.  58.04.  • 

2.  The  reaction  of  6-chloroethyltrichlorosilane  with  diphenyl  in  the  presence  of  aluminum.  The  re¬ 
action  was  carried  out  in  the  apparatus  used  in  Expt.  1.  50  g  8 -chloroethyltrichlorosilane,  54  g  diphenyl 

and  0.1  g  Al  were  taken  for  the  reaction.  The  reaction  was  started  by  heating  the  mixture  to  90*  and  then 
continued  at  a  temperature  of  50-60°.  After  two  distillations,  26.1  g  (33.8%)  of  fl-(xenyl)-ethyltrichlorosilane 
was  obtained. 

B.p.  172-173*  (3  mm),  n“  1.5830,  d$®  1.2783,  82.45;  calc.  82,25. 

Found  %:  C  53.58,  53.69;  H  4.22,  4.10;  Si  8.35,  8.29;  Cl  33.60,  33.28.  Ci4Hi3SiCl3.  Calculated  %: 

C  53.33;  H  4.13;  Si  8.87;  Cl  33.67. 

Wlien  the  same  reaction  was  carried  out  in  the  presence  of  AICI3  the  product  of  silicoalkylation  could 
not  be  isolated  because  of  the  formation  of  a  very  large  quantity  of  tar. 

3.  The  reaction  of  8 -chloroethyltrichlorosilane  with  naphtlialene  in  the  presence  of  aluminum.  The 

reaction  was  carried  out  in  the  apparatus  used  in  Expt.  1.  60  g  3 -chloroethyltrichlorosilane,  52  g  naph¬ 

thalene  and  0.27  g  Al  were  taken  for  the  reaction.  The  reaction  was  started  by  heating  to  130-135*  .  Further 
reaction  was  continued  at  this  temperature  and  stopped  after  3-4  hours,  during  which  a  considerable  amount 
of  tar  was  formed.  After  two  distillatiotu  15.3  g  (21.3%)  of  6-(naphthyl)-ethyltrlchlorosilane  was  obtained. 

B.p.  159-163*  (3mm),  n*^  1.5812,  dj®  1.2977,  MR^  74.29;  calc.  73.50. 

Found  %:  Si  9.34,  9.26.  Ci2HnSiCl3.  Calculated  %:  Si  9.67. 

When  the  same  reaction  was  carried  out  in  the  presence  of  AICI3  the  silicoalkylation  product  could  not 
be  isolated  because  of  tar  formation. 

4 .  The  reaction  of  8 -chloroethyltrichlorosilane  with  diphenyl  oxide  in  the  presence  of  aluminum.  The 

reaction  was  carried  out  in  the  apparatus  of  Expt.  1.  1.  50  g  3  -chloroethyltrichlorosilane,  59.5  g  diphenyl 

oxide  and  0.2  g  Al  were  taken  for  the  reaction.  The  reaction  was  begun  by  heating  the  mixture  to  130*  and 
continued  for  a  further  25  hours.  16.8  g  (22.5%)  of  )3-(phenoxyphenyl)-ethyltrichlorosilane  was  isolated  by 
distillation. 

B.p.  334-340*,  n”  1.5590,  d^,®  1.2668;  MR^  84.41;  calc.  84.05. 

Found  %:  C  50.44,  50.52;  H  3.85,  3.89;  Si  8.54,  8.36;  Cl  31.80,  31.72  Ci4Hi30SiCl3.  Calculated  7o: 

C  50.72;  H  3.92;  Si  8.45;  Cl  32.07. 

5.  The  reaction  of  8-chloroethyltrichlorosilane  with  diphenyl  oxide  in  the  presence  of  AICI3.  The 

reaction  was  carried  out  in  the  apparatus  of  Expt.  1.  68  g  3 -chloroethyltrichlorosilane,  37  g  diphenyl 

oxide  and  1  g  AICI3  were  taken  for  the  reaction.  The  reaction  mixture  was  heated  at  70-90*  for  56  hours. 

2  g  POCI3  and  30  ml  isooctane  were  then  added  to  the  reaction  flask  and  the  mixture  heated  at  100*  for  1  hour. 
The  PC)Cl3  •  AICI3  complex  which  formed  was  filtered  off  and  the  filtrate  distilled.  The  distillation  yielded 
23.7  g  6-(phenoxyphenyl)- ethyltrichlorosilane,  yield  30%  (calculated  from  the  diphenyl  oxide). 


•  Literature  data  [2]:  b.p.  240.5*  (739  mm),  njj  1.5188,  d  J®  1.2395. 
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B.p.  198-204*  (  13  mm),  n"  1.5590,  1.2676,  84  J6:  calc.  84.05. 

The  product  was  mcdiylated  with  CHjMgBr.  0-(Rienoxyphenyl)-ethykrimethylsilane  was  obtained,  yield 

GH. 

B.p.  310-314*  (755  mm),  n*Jj  1.5360;  df  0.9840,  MR^  85.56;  Calc.  85.16. 

Found  %  C  75.34,  75.44;  H  8.52,  8.39;  Si  10.00,  9.70  CitHhOSI.  Calculated  ‘Jfc;  C  75.92;  H  8.16; 

Si  10.30. 

6,  The  reaction  of  fl-chloroethylethyldichlorosilane  widt  diphenyl  oxide  in  the  presence  of  AlClj.  The 

reaction  was  carried  out  in  the  apparatus  of  Expt.  1.  35  g0-chlotoediylediyldichlorosilane,  51  g  diphenyl 

oxide  and  1  g  AICI3  were  taken  for  the  reaction.  The  diphenyl  oxide,  aluminum  dilotide  and  5  g  0-dtk)Coethyl* 
ethyldichloride  were  placed  in  die  flask.  The  reaction  began  vigorously  when  the  mixture  was  heated  to 
70-75*.  When  the  reaction  had  started,  the  remaining  30  g  of  the  chkxide  was  added  slowly  (~1.5  houa)  from 
a  dropping  funnel  placed  temporarily  in  the  position  of  the  diermometer.  The  reaction  was  stopped  after  40 
hours.  2  g  PCXTlf  and  30  ml  isooctane  were  added.  Heating  was  continued  for  1  hour  at  100*  after  whkdi  the 
POCla  *  AlCIf  complex  was  filtered  off  and  the  filtrate  distilled.  17.2  g  (25,3%)  of  0-(phenoxyphenyl)-ethylethyl- 
dichlorosilane  was  obtained. 

B.p.  231-232*  (8  mm),  n*Jj  1.5540,  dj*  1.1644,  MR^^  89^;  calc.  89.05. 

Found  %:  C  59.30,  59.38;  H  5.65,  5.64;  Si  8.96  ,  8.74;  Cl  21.46, 21.65.  CiiHaaOSiC^.  Calculated  %: 

C  59.09;  H  5.58;  Si  8.63;  Cl  21.80. 

The  substance  was  methylated  using  CH|MgBr.  0-(Phenoxyphenyl)-ediylediyldirhediybilane  was  obtained, 
yield  5A%. 

B.p.  214-215*  (11  mm),  n”  1.5366,  d^  0.9831,  MR^^  90.16;  calc.  89.79. 

Found  C  75.92  ,  75.98;  H  8.42,  8.40;-  Si  9.57,  9.72.  CiaHt406i.  Calculated  %i  C  76.05;  H  8.45; 

Si  9.85. 

7.  The  oxidation  of0-(phenoxyphenyl)-ethyltrimethylsilane  6  g  of  0-(phenoxyphenyl)-ethyltrimethyl- 
silane  and  30  ml  of  nitric  acid  of  specific  gravity  1.110  were  placed  in  a  round -bottomed  flask  fitted  with  a 
reflux  condenser.  The  mixture  was  boiled  for  40  hours.  A  considerable  quantity  of  crystals  was  formed.  The 
organic  layer  and  the  crystals  were  separated;  the  aqueous  layer  was  extracted  widi  ether.  The  ether  extracu 
were  combined  with  the  organic  layer  and  die  ether  evaporated.  The  crysub  were  separated  on  a  filter  widi 

a  porous  plate  and  the  filtrate  distilled.  1.8  g  of  the  original  substance  was  recovered.  The  crystab  were 
recrystallized  several  times  from  a  mixture  of  acetone  and  water.  2.3  g  of  crystab  wiih  m.p.  158^  was  obtained. 
According  to  the  literature  data  [7],  p-phenoxybenzoic  acid  melts  at  159.5*.  The  greater  part  of  die  product 
of  silicoalkylation  of  diphenyl  oxide  b  thus  the  para-isomer. 

SUMMARY 

1.  It  has  been  shown  pouible  to  carry  out  the  silicoalkylation  of  aromatic  compounds  widi  chloralkyl- 
chlorosllanes  in  the  presence  of  metallic  aluminum,  and  in  thb  case  the  formation  of  ur  takes  place  to  a 
mych  lower  extent  than  when  A1C1|  b  used. 

2.  Naphthalene,  diphenyl  and  diphenyl  oxide  have  been  silicoalkylated  for  the  flrst  time. 
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A  STUDY  OF  THE  CHANGES  UNDERGONE  BY  B-GLYCOLS  OF  THE  ACETYLENE 

SERIES 


I.  THE  SYNTHESIS  AND  CHANGES  OF  2,4-DIMETH YL-6-PHENYLHEXTl^E-6-DIOL-2.4 
T.  A.  Favorskaya  and  L.  A.  Pavlova 


It  is  known  [1]  that  a-glycols  of  the  acetylene  series  (I)  are  capable  of  reacting  with  sulfuric  acid  to 
form,  together  with  other  substances,  compounds  of  the  2-hydroxyhydrofuran-2,5  series  (II),  exhibiting  basic 
properties: 
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On  the  other  hand  it  is  known  [2,3]  that  primary- tertiary  and  ditertiary  y-glycols  react  with  sulfuric 
acid  to  give,  as  the  first  products  of  dehydration,  d*iethylenic  alcohols,  which  are  easily  isomerized  to  der¬ 
ivatives  of  tetrahydrofuran. 

In  connection  with  these  data,  interest  was  attached  to  the  study  of  the  changes  undergone  by  fi-glycob 
of  the  acetylene  series  (III)  since  the  transformation  of  8*glycols  to  heterocyclic  compounds  would  give  sub¬ 
stituted  hydroxydihydropyrans  (IV),  which  have  been  insufficiently  studied  up  to  the  present: 
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It  was  also  of  interest  to  attempt  to  detect  the  first  expected  product  of  the  reaction  of  the  5-glycol  (V) 
with  sulfuric  acid-theenyne  alcohol  (VI  or  VII)- and  to  show  in  this  way  that  the  first  stage  of  diis  process  takes 
place  in  the  same  way  as  the  reaction  of  sulfuric  acid  with  y  -glycols. 

The  study  cxf  the 8 -glycols  of  the  acetylene  series  was  begun  with  the  most  readily  available  2,4-dlme- 
thyl-6-phenylhexyne'6-diol-2,4  (V).  The  glycol,  synthesized  according  to  the  method  of  lotsich  from  diacetone 
alcohol  and  phenylacetylene,  was  treated  with  sulfuric  acid  of  the  different  concentrations  3,  6,  10,  20,  30% 
with  heating  to  70-100*  for  1-2  hours.  When  the  S-glycol  was  treated  with  dilute  sulfuric  acid  (3  and  6%),  the 
greater  part  of  the  glycol  was  recovered  unchanged.  Small  amounts  of  acetone  and  isopropenylphenylacetylene 
(VIII)  were  isolated  from  the  reaction  products. 
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The  acetone  was  detcnnined  as  tlie  2,4-dinitropheny]hydrazone.  Isopropenylphenylacetylene  was  first 
obtained  by  Skosarevsky  by  the  dehydration  of  dimethylphenylacetylenylcarbinol  [4].  The  formation  of  the 
same  compound  during  the  preparation  of  the  chlorohydrin  of  dimethylphenylacetylenylcarbinol  was  observed 
by  A.  I.  Zakharova  and  Z.  I.  Sergeeva  [5].  The  authors  of  these  works  did  not  give  a  proof  of  the  structure  of 
the  hydrocarbon,  considering  that  in  their  experiments  no  other  compound  could  be  formed.  The  hydrocarbon 
isolated  by  us  has  constants  agreeing  satisfactorily  with  those  given  in  the  literature.  For  a  confirmation  of 
its  structure  the  substance  was  oxidized  and  tlie  infrared  absorption  spectmm  examined.  * 

The  spectrum  was  taken  on  a  lKS-2  instmment,  while  the  layer  thickness  was  0.1  mm.  The  spectrum 
up  to  5.5  p  was  taken  with  a  LiF  prism  and  beyond  that  with  one  of  NaCl. 

The  curve  shows  the  clearly  defined  maxima  of  intensity  of  absorption  characteristic  of  the  acetylene 
link  (4.48/i )  and  of  the  isopropenyl  group  (valency  frequency  3.25  p  ,  deformation  frequency  11  p). 

The  curve  obtained  is  on  the  whole  similar  to  the  infrared  absorption  curve  for  phenylacetylene  and 
vinylacetylene. 

The  absorption  curve  thus  confirms  the  structure  of  the  substance  as  isopropenylphenylacetylene. 


When  the  acid  concentration,  temperature  and  length  of  heating  are  increased,  the  quantity  of  acetone 
and  isopropenylphenylacetylene  in  the  reaction  products  is  increased.  Thus,  for  example,  when  the  glycol  is 
treated  with  3*55)  sulfuric  acid  for  50  minutes  at  70-80*,  approximately  20’^  acetone  andenyne  hydrocarbon  are 
formed:  when  the  glycol  is  treated  with  10%  sulfuric  acid  on  the  boiling  water  bath  the  yield  of  acetone  and 
enyne  hydrocarbon  reaches  90%.  In  the  tests  with  20  and  30%  sulfuric  acid  the  reaction  is  accompanied  by 
considerable  tar  formation,  which  is  evidently  the  result  of  condensation  of  the  isopropenylphenylacetylene  [4]. 

With  the  aim  of  obtaining  the  enine  alcohol,  the  reaction  of  the  glycol  with  sulfuric  acid  was  carried 
out  in  very  mild  conditions,  by  heating  and  distilling  with  0.12%  sulfuric  acid  (pH  1.6)  and  by  shaking  with 
40%  sulfuric  acid  in  the  cold,  but  in  all  these  experiments  the  only  reaction  products  were  acetone  and  the 
enyne  hydrocarbon,  a  greater  or  lesser  amount  of  die  glycol  being  recovered. 

The  6 -glycol  obtained  was  also  treated  with  an  alcoholic  solution  of  sulfuric  acid.  4  and  17%  sulfuric 
acid  in  96%  ethyl  alcohol  was  used  for  this  purpose. 

In  the  experiments  with  47o  sulfuric  acid  solution  in  alcohol  we  managed  to  isolate,  in  addition  to  acetone 
and  Isopropenylphenylacetylene,  a  highboiling  fraction  which  boiled  over  a  wide  range,  gave  a  qualitative 
reaction  for  hydroxyl  and  ethoxy  groups  and  for  the  double  bond,  gave  no  sign  of  the  presence  of  a  carbonyl 
group,  and  had  a  composition  and  molecular  weight  close  to  diose  of  the  glycol.  This  fraction  is  evidently  a 
mixture  of  the  original  glycol  with  the  products  of  etherification  (most  probably  the  partial  ether)  and  de¬ 
hydration.  The  mixture  obtained  was  treated  with  6%  aqueous  sulfuric  acid  to  hydrolyze  the  ethers  formed.  The 
product  obtained  from  this  experiment  had  b.p.  139-142*  (2  mm)  and  had  similar  properties  to  the  product  with 
b.p.  135-138*  (1  mm),  formed  by  the  action  of  a  17%  sulfuric  acid  solution  in  alcohol  on  the  glycol.  According 


•  The  spectrum  was  investigated  by  Prof.  A.  A.  Petrov,  for  which  we  wish  to  express  to  him  our  deep 
appreciation. 
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to  tlie  analysis  data  this  fraction  approaches  closest  of  all  to  the  product  of  dehydration  of  the  glycol- the  enyne 
alcohol  (VI  or  VII).  A  slight  trace  of  the  ethoxy-containing  compound  was  also  detected,  which  may  also 
explain  the  somewhat  low  analysis  results.  When  this  fraction  was  oxidized,  a-hydroxyisobutyric,  benzoic  and 
benzoylformlc  acids  and  acetone  were  obtained. 

The  results  obtained  enable  us  to  put  forward  tlie  following  scheme  for  the  changes  undergone  by  2,4- 
dlmethyl-6-phenylhexyne-&<liol-2,4  (V).  When  the  glycol  is  treated  with  sulfuric  acid,  dehydration  takes 
place  first  of  all.  A  very  great  number  of  experiments  have  shown  that  in  the  glycols  of  the  acetylene  series 
the  greatest  mobility  is  shown  by  tlie  hydroxyl  situated  in  the  a-positlon  relative  to  the  triple  bond  [1,6,7]; 
two  dehydration  products  (VI  and  VII)  are  therefore  possible.  The  oxidation  data  show  that  the  main  product 
of  the  dehydration  is  the  enyne  alcohol- 2, 4 -dimethyl- 6“  phenylliexene  -  3-enyne-B-ol-  2  (VI). 
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The  enyne  alcohol  obtained  then  decomposes  to  acetone  and  isopropenylphenylacetylene  (VIII).  The 
same  products  may  be  obtained  by  the  ketonic  decomposition  of  the  enyne  alcohol  (VII). 

This  conversion  scheme  is  quite  probable,  since  the  dehydration  of  fl -glycols  when  heated  with  acids  is 
well  known,  while  the  ketonic  decomposition  of  the  unsaturated  alcohol  also  has  analogs  in  the  literature  [8]. 

The  formation  of  a  mixture  ofenyne  alcohols  when  2,4-dimethyloctene-7^n&6-diol-2,4-a  6-glycol  with 
the  vinylacetylene  radical- is  distilled  over  potassium  bisulfate  was  observed  by  I.  N.  Nazarov  and  I.  V.  Torgov 
[7].  They  also  observed  the  formation  in  this  experiment  of  a  mixture  of  unsaturated  hydrocarbons. 

EXPERIMENTAL 

2 ,4 -  Dimethyl- 6 - phenylhexy ne-5 - d iol- 2 ,4  was  synthesized  by  the  method  of  lotsich  from  diacetone  al¬ 
cohol  and  phenylacetylenc  and  obtained  in  the  form  of  ncedle-like  crystals  with  m.p.  63-64*  in  70-88%  yield. 
The  substance  was  soluble  in  methyl  and  ethyl  alcohol,  benzene  and  acetone.  It  may  be  recrystallized  from 
ligroin  and  petroleum  ether. 

Found  %:  C  77.20;  H  8.40;  Ol  15.82.  M  215.  C,4Hi,Oi.  Calculated  %;  C  77.03;  H  8.31;  Ol  15.60. 

M  218.3. 

When  the  substance  is  heated  with  potassium  carbonate,  phenylacetylene  is  formed. 

The  Action  of  Sulfuric  Acid  on  2  ,4  -  Dime  thy  1- 6 -Pheny  1- He  x  y  ne- 5  -  Diol- 2  ,4 

ExperimentL  6  g  of  the  glycol  was  heated  on  a  boiling  water  bath  with  stirring  with  60  ml  10%  sulfuric 
acid  for  2  hours.  The  reaction  mixture  was  extracted  with  ether,  the  ether  extract  washed  with  sodium  carbonate, 
and  with  water  and  dried  with  sodium  sulfate.  Acetcxie  was  detected  (1.5  g)  in  the  aqueous  solution  and  the 
wash  water  by  the  formation  of  the  2,4-dinitrophenylhydrazone,  The  residue  remaining  after  the  distillation 
of  the  ether  was  vacuum  distilled.  3.5  g  (90%)  of  a  colorless  mobile  liquid,  which  proved  to  be  the  enyne  hydro¬ 
carbon -Isopropenylphenylacetylene -was  collected  at  81-82*  (1  mm). 

B.p.  81-82*  (1  mm)  n”  1.5835,  dj®  0.9247,  MR^^  51.36.  CijHioF  4^.  Calc.  46.93. 

Found  %:  C  92.63,  H  7.35.  CnH„.  Calculated  %:  C  92.93;  H  7.04. 
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The  oxidation  of  Isopropciiylplicnylacetylcnc.  47  g  potassium  permanganate  was  used  for  the  oxidation 
of  7  g  of  the  hydrocarbon.  The  oxidation  was  carried  out  to  l>egin  with  using  l°Jo  KMn04  solution  (200  ml) 
and  afterwards  the  salt  was  added  in  the  font)  of  a  finely  ground  powder.  No  neutral  oxidation  products  were 
obtained.  The  solution  of  salts  obtained  was  evaporated  on  a  water  bath  and  acidified  with  sulfuric  acid  to 
liberate  CO^  and  benzoic  acid, which  gave  no  freezing  point  depression  witli  a  known  sample  of  benzoic  acid. 

The  volatile  acids  were  steam  distilled.  Tlic  solution,  wkh  odor  of  acetic  acid,  was  heated  with  silver 
carbonate  and  the  salt  obtained  was  found  to  contain  G4.0rifo  of  silver  (calculated  for  CH^OOAg-64,67‘51)  Ag). 
The  solution  of  the  non-volatile  acids  was  extracted  with  ether;  after  drying  and  removal  of  the  solvent  a 
thick  dark  acid  remained  which  gradually  crystallized  and  was  pressed  out  on  a  porous  plate.  MJ’.  63-64*. 

Equiv.  ncutr.  166;  calculated  for  benzoylformic  acid  150. 

The  2,4-dinitrophenylhydrazonc  of  the  acid  melted  at  19T. 

Literature  data  [9]  for  benzoylformic  acid;  m.p.  66*;  2,4-dinitrophenylhydrazone  m.p.  196-197*. 

Experiment  11.  The  action  of  a  A°h  solution  of  sulfuric  acid  in  ethyl  alcohol  on  the  glycol.  A  solution 
of  35  g  of  die  glycol  in  350  ml  of  A^jo  solution  of  sulfuric  acid  in  alcohol  was  heated  for  1  hour  with  stirring 
at  70-80*.  Wlien  the  heating  had  finished  the  mixture  was  diluted  with  water  and  extracted  with  ether.  4.5 
g  of  acetone  was  found  in  die  aqueous  solution.  I  he  products  which  had  been  extracted  by  the  ether  were 
vacuum  distilled.  4  fractions  were  collected  (2  mm):  1st  82-84*  (10.5  g);  2nd  100-142*;  3rd  142-150*; 

4th  150-152*.  The  third  and  foiirdi  fractions  amounted  to  15.2  g.  A  tarry  residue  (2  g)  was  left  in  the  dis¬ 
tillation  flask. 

Analysis  of  the  fraction  with  b.p.  150-152*  (2  mm)  :  n^  1.5355,  d^®  0.9768, 

Found  C  78.54;  H  9.06;  OH  8.77;  OC2H5  10.86.  M  224.  Ci4HuOi  (V).  Calculated  C  77.03; 

H  8.31;  OH  15.60.  M  218.3.  Ci6H220i  (partial  ether  of  the  glycol).  Calculated  C  78.09;  H  8.99;  OH  6.90. 
OC2H5  18.30.  M  246.3.  Ci4H„0  (VI).  Calculated  <5^:  C  83.‘)4;  H  8.05;  C»1  8.49.  M  200.3. 

Experiment  111.  The  ac^on  of  aqueous  sulfuric  acid  on  the  fraction  142-152*  (2  mm).  9  g  of  the  high- 
boiling  fraction  obtained  in  die  previous  experiment  was  heated  with  sulfuric  acid  for  one  and  a  half  hours 
at  80-90*.  0.5  g  of  acetone  was  found  in  the  aqueous  solution.  I  he  high-boiling  products  were  vacuum 
distilled.  This  yielded  1  g  of  tlieenync  hydrocarbon  (VIII)  with  b.p.  78-80r  (2  mm)  and  6  g  of  a  product  with 
b.p.  139-142*  (2  mm). 

Analysis  of  the  fraction  139-142*  (2  mm):  n^  1.5532,  dj®  0.9780,  MR  65.45.  Ci4Hi50F  4P  .  Calc. 
62,31.  C'leHaO^r  3!^.  Calc.  73.66. 

Found  C  83.18;  H  8.60;  OH  8.02;  OQHs  3.30.  M  199.  Cj^ijO  (VI).  Calculated  %:  C  83.94; 

H  8.05;  OH  8.49;  M  200.3.  CisHkO^.  Calculated  %:  C  78.09;  H  8.99;  OH  6.90;  OCjHs  18.30.  M  246.3. 

The  oxidation  of  the  fraction  139-142*  (2  mm).  2  g  of  the  product  was  added  to  a  solution  of  3.7  g 
potassium  permanganate  in  200  ml  water.  The  oxidation  was  carried  out  with  shaking  at  room  temperature. 

Wlien  die  reaction  mixture  had  gone  colorless  after  2  hours  a  further  0.3  g  of  oxidant  was  added.  The  pre¬ 
cipitate  of  manganese  dioxide  was  filtered  off  and  washed  with  hot  water  and  ether.  The  neutral  products 
were  steam  distilled  from  the  filtrate  and  wash  waters.  The  acetone  was  determined.  The  solution  of  salt  was 
evaporated  to  dryness  and  the  residue  broken  up  with  sulfuric  acid.  This  precipitated  benzoic  acid  which  was 
identified  by  a  mixed  melting  point  test  with  a  known  sample  of  benzoic  acid.  A  small  quantity  of  the  filtrate 
from  t!ic  separation  of  the  benzoic  acid  was  added  to  solutions  of  2,4-dinitrophenylhydrazine  sulfate  and  phenyl- 
hydrazine  hydrochloride.  The  2,4-dinitrophenyDiydrazone  precipitated  gave  no  melting  point  depression  when 
mixed  with  the  known  2,4-dinitrophenylliydrazone  of  benzoylformic  acid  [9].  The  yellow  phenylliydrazone 
oiitained  incited  at  153*,  which  agrees  with  the  literature  data  for  benzoylformic  acid  [10 J. 

The  solution  of  acids  was  c.xtractcd  with  ether.  The  ether-soluble  acids  partly  crystallized.  Part  of 
the  crystals  was  separated  and  washed  witli  benzene  on  a  porous  plate.  The  needle-shaped  crystals  obtained 
gave  no  melting  point  depression  with  a  known  sample  of  a-hydroxyisobutyric  acid  [11].  The  remaining  ether- 
solulile  acids  were  converted  to  the  silver  salts. 
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Found  *51):  Ag  1st  fraction  4 G.!M;  2ikI  frac  tion  47.24;  3rd  fraction  49.09;  4th  fraction  50.86,  50.83 

CeHsCOOAg.  Calculated  <7o:  Ag47.15;(CH3)2COlICC)OAg  *70:  Ag  51.19;  CH3COOAg<5b;  Ag  64.67. 

The  acids  which  did  not  dissolve  in  the  ether  were  steam  distilled.  Formic  acid  was  detected  in  the 
distillate  by  the  formation  of  a  precipitate  with  mercuric  chloride  solution  and  by  the  darkening  of  ammoniacal 
silver  oxide  solution. 

The  formation  of  a-hydroxyisobutyric  and  bcnzoylformic  acids  on  oxidation  sliows  that  the  main  con¬ 
stituent  of  the  part  of  the  product  with  b.p.  139-142*  (2  mm)  is  the  enine  alcoliol-2,4-dimethyl-6-phenyl- 
hexcnc-3-ync-5-ol-2  (VI). 

T  he  oxidation  of  the  other  possible  dehydration  product—  2-methyl-4-methylene-6-phenylhexyne-6- 
ol-2  (VII)-  would  have  led  to  the  formation  of  S-hydroxyisovaleric  acid.  This  acid  was  not  detected  by  us, 
which  indicates  that  tliecnync  alcohol  (VII)  is  cither  absent  from  the  prcxiucts  of  the  reaction  of  the  glycol 
or  else  is  present  in  insignificant  amount. 


SUMMARY 

1.  The  fl -glycol  of  the  acetylene  series- 2, 4-dlmethyl-6-phenylhexync“5-diol-2,4—  which  is  not  described 
in  the  literature,  has  been  prepared. 

2.  The  action  of  sulfuric  acid  on  2,4-dimethyl-6-phenylhexyne-6-diol-2,4  leads  to  dehydration  of  the 
glycol  with  subsequent  decomposition  of  theenync  alcohol  to  give  acetone  and  isopropenylphenylacetylene. 
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1 .  1 .  ,  3  -  T  i:  T IM  A  L  K  O  X  Y  P  U  O  P  A  N  E  S 


T.  V.  Pro  to  pop  ova  and  A.  P.  Skoldinov 


The  importance  in  synthesis  of  nialondialdehyde  as  the  first  and  simplest  representative  of  the  series 
of  fl -dicarbonyl  compounds  is  obvious.  At  the  present  time  fl-ethoxyacroleindiethylacetal  is  used  as  the 
starting  material  for  tlie  preparation  of  nialondialdehyde  [1],  Notices  have  recently  appeared  in  the 
patent  literature  on  the  preparation  of  1,1 ,3,3-tetraalkoxypropanes  [2-5],  which  are  the  full  acetals  of 
malondialdehyde  and  in  advertisement  announcements  on  their  use  [6], 

In  a  systematic  study  of  the  reactions  of  unsaturated  compounds  leading  to  formation  of  fl -dicarbonyl 
compounds  or  of  tlieir  functional  derivatives  [7],  we  have  undertaken  the  syntfiesis  of  the  full  acetals  of 
malondialdehyde  and  the  study  of  their  chemical  beliavior.  In  the  present  work  we  describe  the  properties 
of  a  series  of  1,1,3,3-tetraalkoxypropanes  (I),  where  R  =  CH3,  C2H5,  iso  -C3H7,  n-C4H9,  prepared  by  the 
reaction  of  vinyl  ethers  with  the  esters  of  orthoformic  acid  in  the  presence  of  catalysts  of  the  Friedel- 
Crafts  type.  This  reaction  is  similar  to  the  well-studied  reaction  of  vinyl  etliers  with  acetals  which  leads  to 
the  formation  of  alkoxyacetals  or  of  the  products  of  the  further  addition  to  them  of  one  or  several 
molecules  of  tlte  vinyl  ether  [8];  in  this  reaction  a  considerable  excess  of  acetal  relative  to  tlie  vinyl  ether 
(molar  ratio  not  less  than  3:1)  is  required  to  obtain  a  high  yield  of  the  "monomeric"  alkoxyacetal. 

The  addition  of  an  ortlioformate  likewise  does  not  stop  at  the  formation  of  the  1,1,3,3-tetraalkoxy- 
propane  (1);  the  latter  in  turn  may  add  on  across  the  double  bond, forming  the  1,1,3,5.5,-pentaalkoxypentane 
(II)  and  the  products  of  the  furtlier  reaction  of  the  latter  with  the  vinyl  etlier; 


HC(OR);, -I- CHg- CHOR  (ROlaCHCHXHfORlz 

(I) 

(I)  +CH2=:CH0R  (ROaCHCHoCHfORlCHjCHfOR)., 

(ii) 


The  reaction  was  carried  out  by  us  with  different  molar  ratios  of  orthoformate  and  vinyl  ether;  in 
tliis  case  tlie  yield  of  the  "mono-adduct"  is  not  so  dependent  on  the  use  of  an  excess  of  the  orthoformate 
as  it  is  in  tlie  case  of  the  addition  of  the  acetals.  This  may  be  explained  by  the  fact  that  the  ortlioester 
function  may  be  considerably  more  easily  ionized  by  the  action  of  the  lx)ron  trifluoride  than  tlie  acetal 
iunction.  The  relatively  greater  reactivity  of  the  orthoester  function  has  also  been  confirmed  by  tlie  results 
of  a  competitive  reaction  of  equimolecular  amounts  of  ethyl  ortlioformate,  1,1,3,3-tetraethoxypropane 
and  vinyl  ethyl  ether,  in  v/hich  the  main  reaction  product  was  the  "mono-adduct'tl)- 

The  reaction  of  methyl  ortlioformate  witli  vinyl  etliyl  etlier  (in  tlie  molar  ratio  1:1 )  gave,  in 
addition  to  the  expected  l,l,3-trimethoxy-3-ethoxypropane  (yield  47%),  1, 1,3,3- tetrametlioxypropane 
(yield  10'/;),  whose  formation  may  be  explained  by  the  exchange  of  alkoxy  groups  between  tlie  tetra- 
alkoxypropaiie  formed  and  the  still  unreacted  orthoester  in  the  presence  of  the  boron  tri fluoride.  Evidence 
for  this  suggestion  is  provided  by  the  fact  that  with  a  molar  ratioof  die  components  of  4:1,  only  1, 1,3,3- 
tetrametlioxypropane  was  isolated  from  the  reaction  mixture  (yield  55%). 

in  die  majority  of  die  reactions  carried  out  the  ether  complex  of  boron  trifliioride  was  used  as 
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catalyst,  but  in  the  rase  of  tlie  preparation  of  1,1,3,3-tctraethoxypropane,  coiipletely  satisfactory  results  were 
obuincd  using  stannic  chloride,  ferric  chloride  or  the  ether  complex  of  aluminum  chloride. 

The  Standard  conditions  for  the  synthesis  of  the  1, 1,3,3”  letraalkoxypropanes  are  given  In  tlie  experiment¬ 
al  pan  under  the  preparation  of  1,1,3,3-tetraethoxypropane.  The  yields,  pliyslcal  properties  and  analysis 
results  for  the  compounds  obtained  are  given  in  Table  1. 

By  the  further  reaction  of  1,  l,3,3-tetraall<oxypropanes  wltli  die  vinyl  ethers  in  the  presence  of  the  ether 
complex  of  boron  trifluoridc,  we  have  prepared  a  series  of  l,l,3,3,r)-pciuaalkoxypentanes  (II)  (R  =  CH3, 

C2H5,  ISO-C3II7.  n-C^H^),  which  are  also  of  Interest  as  syndietic  intermediates.  In  tills  case  a  considerable 
excess  of  the  tetraalkoxypropane  Is  necessary;  but  even  when  these  conditions  are  observed  die  yields  remain 
low  and  a  considerable  amount  of  products  with  higher  molecular  weight  is  formed,  and  these  have  not  as  yet 
been  further  studied.  The  pliysical  properties  and  analysis  results  for  the  1,1,3,5,5-pentaalkoxypentanes 
obtained  are  given  in  Table  2. 

EXPERIMENTAL 

Starting  products.  The  orthoformates  were  prepared  in  the  usual  way  [9];  the  vinyl  ethers 
were  prepared  by  the  siperalkylation  of  vinyl  butyl  ether  in  die  presence  of  mercury  acetate  [10]. 

1, 1,3,3  -Tetraethoxypropane.  18  g  (0.23  mole)  of  vinyl  ethyl  etiier  v/as  added  dropwise  to 
a  mixture  of  74  g  fO.5  mole)  of  ediyl  orthoformate  and  0.35  mi  of  the  ether-boron  trifluoride  complex, 
heated  to  33“,  die  temperature  during  the  addition  being  kept  below  45*.  When  all  the  vinyl  ether  had  been 
added  (which  required  15  minutes),  the  mixture  was  stirred  for  1  hour,  2.5  g  of  anhydrous  sodium  carbonate 
was  added  and  mixing  continued  for  a  further  3  hours  at  room  temperature.  The  precipitate  was  filtered 
off  and  the  filtrate  fractionated  in  vacuo  in  the  presence  of  a  small  quantity  of  sodium  carbonate,  31.3  g  of 
unchanged  ediyl  orthoformate  and  43,9  g  (80  ojo,  calculated  on  the  vinyl  ether)  of  1,1,3,3-tetraethoxypropane, 
b.  p.  87-88*(6  mm)  were  obtained. 

When  the  experiment  was  carried  out  in  similar  conditions,  but  using  as  catalyst  a  solution  of  0.5  g 
anhydrous  aluminum  chloride  in  12  ml  ether,  0.5  g  of  stannic  chloride  or  0.25  g  of  freshly  distilled  ferric 
chloride,  die  yields  obtained  were  70,  80  and  727:i,respectively, 

When  the  experiment  described  above  was  carried  out  witii  molar  ratios  of  orthoester  to  vinyl  ether 
of  4;1,  3:1,  2;1  and  1:1,  the  yields  were  81,  79,  80  and  75 ‘5?)  respectively. 

1, 1,3-Trlm  ethoxy  -  3-  ethoxypropane.  21.6  g  of  vinyl  ethyl  ether  was  added  rapidly  (over 
a  period  of  8  minutes)  to  a  mixture  of  31,8  g  methyl  orthoformate  and  0.15  ml  of  the  ether-BFj  complex, 
heated  to  30*;  the  temperature  was  maintained  at  35-38’  by  external  cooling.  Immediately  after  the 
addition  of  all  die  vinyl  ethyl  ether,  2  g  of  anhydrous  sodium  carbonate  was  added  and  the  mixture  stirred 
for  3  hours  at  room  temperature.  The  salts  were  filtered  off  and  the  filtrate  fractionated  on  a  45  cm 
column  packed  witii  glass  rings.  The  following  fractions  were  collected  at  12  mm;  1st  66-67*  —  4.9  g, 
slightly  impure  1,1,3,3,-tetramethoxypropane;  2nd  69-74®  “  2.0  g;  3rd  74.5-75*  -  25,0  g  (47')!))  1,1,3- 
trimethoxy -3-ethoxypropane.  • 

A  considerable  amount  of  higher -boiling  products  was  obtained, but  these  were  not  further  studied. 

When  the  experiment  was  carried  out  with  a  molar  ratio  of  methyl  orthoformate  to  vinyl  ethyl  ether 
equal  to  4:1,  die  only  product  obtained  on  fractionation  of  the  reaction  mass  was  1,1,3,3-tetramethoxy- 
propane  (55  '7o), 

B.  p.  69-70*  (13  mm),  n^  1.4070,  d“  0.9895, 

Found  «7o:  C)51.45;  M  9.82,  0^11504.  Calculated  <'/o:  C  51.19;  H  9.81. 

The  competitive  reaction  of  the  vinyl  ether  with  a  mixture  of  ethyl 
orthoformate  and  1,1, 3, 3 -tetraethoxypropane,  10.8  g  of  vinyl  ediyl  ether  was  added 
gradually  to  a  mixture  of  22,2  g  etliyl  orlhoformate,  33  g  tetraethoxypropane  and  0.25  ml  of  the  etlier- 
boron  trifluoride  complex,  heated  to  30®;  the  temperature  of  the  reaction  mass  was  kept  at  45-50*  by 
external  cooling.  The  solution  obtained  was  given  the  usual  treatment  (see  above);  the  following  fractions 


•  For  constants  see  Table  1. 


1,1, 3, 3-Tetraalkoxy propanes  (R'O)jCHCHjCH  (OR)  (OR?) 
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Literature  data  [3]:  b.p.  90°  (1  mm),  d*  0.9233,  n”  1.4180. 
The  substance  is  unstable,  decomposing  rapidly  on  storage. 
The  mean  values  of  two  determinations  are  given. 


were  obtained  during  tlie  fractionation:  1st  up  to  SS"  (6  niiii)  —  f>.3g:  2nd  8fi-88°  (6  nim)  ~  51.1  g. 


n*®  1.4098,  d*®  0.9200;  3rd  113-114*  (2  mm)  -  2.8  g.  n*® 
D  4  '  ^  D 


1.4210,  d“  0,9362, 
4 


The  second  fraction  proved  to  be  pure  1,1,3,3-tetraethoxypropane  (the  ortlioester  used  amounted  to  56%  of 
the  theoretical).  Tiie  3rd  fraction  was  1,1,3,5,5-pentaethoxypentane  (tfie  1,1,3,3-tetraethoxypropane  used 
amounted  to  6.4%  of  die  theoretical). 

1,1,3,5,5-Pentaethoxypentane.  3.6  g  (0,05  mole)  of  vinyl  ethyl  ether  was  added  gradually 
to  a  mixture  of  55  g  (0.25  mole)  of  1,1,3,3-tetraethoxypropane  and  0.3  tnl  of  die  ether  boron  trifluoride 
complex,  heated  to  30*.  during  which  addition  the  temperature  rose  to  46*;  when  the  vinyl 

cdier  had  been  added,  tlie  mixture  was  stirred  at  room  tempera nire  tor  1  hour,  2  g  of  anhydrous  sodium 
carbonate  added  and  die  mixture  stirred  for  a  further  2,5  hours.  The  salts  were  removed  and  the  filtrate 
fractionated  in  vacuo  on  a  50  cm  fractionating  column  fitted  with  a  complete  condensation  head.  This 
yielded  16.8  g  of  die  original  1,1,3,3-tetraethoxypropane  (b.  p.  87-89’  at  6  mm)  and  5  g  (34%)  of 
1,1,3, 5,5-pentaedioxypentane,  which  after  a  second  distillation  boiled  at  111-112*  (2  mm)  (see  Table  2). 


SUMMARY 

1.  A  description  has  been  given  of  the  properties  of  a  series  of  1,1,3,3-tetraalkoxypropanes 
(RO)jCHCH|CH(OR)j  (where;  R  =  CH>  CjHy,  iso-C^y  and  n-C^),  prepared  by  the  reaction  of  esters  of  ortho- 
formic  acid  with  vinyl  ethers  in  the  presence  of  catalysts  of  the  Friedel-Crafts  type. 

2.  it  has  been  shown  that  the  orthoesters  add  on  to  the  double  bond  more  readily  than  do  the  acetals, 

3.  A  description  has  been  given  of  the  properties  of  a  series  of  1,1,3,5,5-pentaalkoxypentanes 
(RO),CHCH,CH(OR)CH,CH(OR),  (where:  R  =  CH»  C,!^.  iso-CjHt  and  n-C4H,), 


LITERATURE  CITED 
[  1  ]  R  Huttel,  Ber.  74,  1825  (1941). 

[2]  U.  S.  Patent  2,500,486;  C.  A.  1950,  5379:  U.  S.  Patent  2,502,433;  C.  A.  1950,  6430; 

U.  S.  patent  2,517,543;  C.  A.  1951,  1166;  U.  S,  patent  2,527,533;  C.  A.  1951,  1622. 

[3]  U.  S.  patent  2,556,312;  C.  A.  1952,  1031; 

[4]  U.  S.  patent  2,549,076;  C.  A.  1949,  4291  . 

[5]  Japanese  patent  4321  (*52);  C.  A.  1954,  5211. 

[6]  Chem.  Eng.  News  33  (29)  3028  (1955). 

[7]  T.  V.  Protopopova  and  A  P.  Skoldinov,  J.  Gen,  Chem.  26,  3355  (1956).* 

[8]  R.  I.  Hoagein  and  D.  H.  Hirsh,  J.  Am,  Chem.  Soc.  71,  3468  (1949);  R.  Paul  and  S.  Tchelitcheff, 
Bull,,  Soc.  Chim,  1950,  1155;  M.  F,  Shostakovsky,  V.  A.  Gladyshevskaya,  Bull.  Acad.  Sci.  USSR,  Div. 
Chem.  Sci.  140,  344  (1955). • 

[9]  P,  P.  T.  Sah  and  T.  S.  Ma,  J.  Am.  Chem.  Soc.  54,  2964  (1932) . 

[10]  British  Patent  709,106;  C.  A.  1955,  10,360. 

[11]  S.  M.  McElwain  and  R.  L.  Clarke,  J,  Am,  Chem.  Soc,  69,*  2657  (1947), 


Received  January  18,  1956 


Institute  of  Pharmacology  and  Chemotherapy, 
Academy  of  Medical  Sciences,  USSR 


Original  Russian  pagination.  See  C.  B.  translation. 


68 


6-  AMINOVINTL  KETONES 

VII.  THE  REACTION  OF  8 -CHLOROVINYL  KETONES  WITH 

TERTIARY  AMINES 

V.  T.  Klimko,  A.  Ya.  Khorlin,  V.  A.  MIkhalev,  A.  P.  Skoldinov  and  N.  K.  Kochetkov 

B  -  Chlorovinyl  ketones  are  capable  of  undergoing  many  reactions  with  the  replacement  of  dielr 
highly  mobile  chlorine  atom  by  other  groups  and  the  formation  thereby  of  8 -substituted  alkylvinyl  ketones 
[1].  This  reaction,  which  we  have  called  ketovinylation,  proceeds  particularly  smoothly  with  ammonia  [2] 
and  with  secondary  amines  [3],  leading  to  the  formation  of  8-amino-and  8 -dialkylaminovinyl  ketones.  The 
quaternary  ammonium  salts  corresponding  to  these  compounds  have,  however,  remained  unknown.  In  this 
connection  it  must  be  borne  in  mind  that  quaternary  ammonium  salts  containing  a  ketonvinyl  radical  cannot 
be  prepared  by  the  reaction  of  alkyl  halides  with  8  -dialkylaminovinyl  ketones,  since  alkylation  of  the  latter 
takes  place  with  uansfer  of  the  reactive  center  to  the  o-carbon  atom  [4,  5].  At  the  same  time,  quaternary 

ammonium  salts  of  the  type  . 

(RCOCH=CHNCHN^RyX 

are  of  fundamental  interest  in  connection  with  the  question  of  the  interaction  between  the  carbonyl  group 
and  the  nitrogen  atom  in  the  system  0=G-  C=C—  N  [4  ],  while  they  may  also  be  used  as  convenient  starting 
materials  for  a  number  of  syntheses. 

We  have  made  a  study  of  the  reaction  of  8 -chlorovinyl  ketones  with  tertiary  amines  with  the  aim  of 
obtaining  quaternary  ammonium  salts  containing  the  ketovinyl  radical.  A.  Ya.  Yakubovich  and  E.  N. 
Merkulova  [6]  obtained  a  crystalline  substance  by  the  reaction  of  methyl  g-chlorovinyl  ketone  with 
pyridine;  they  did  not,  however,  make  any  definite  suggestions  as  to  its  structure.  As  was  later  shown  in  a 
work  from  our  laboratory  [7],  this  compound  was  undoubtedly  a  quaternary  pyridinium  salt. 

The  reaction  of  8 -chlorovinyl  ketones  with  tertiary  amines  proved  to  be  of  a  fairly  general  character. 
Both  reagents  react  spontaneously  in  a  medium  of  inert  organic  solvents  (absolute  alcohol,  benzene,  chloro¬ 
form).  The  reaction  takes  place  so  vigorously  that  to  obtain  the  required  results  it  must  be  carried  out  in 
dilute  solutions  or  with  efficient  cooling.  The  quaternary  salt  is  precipitated  from  the  reaction  mixture  in 
the  crysulline  condition  and  is  separated  in  good  yield  (70-90  by  the  general  methods; 

RCOCH=CHCl  +  NR*8-*[RCOCH=CHN^Ry  CH, 


where:  R=CH3.  CjHt,  CjHs,  o-BrC,H4,  p-0|NC,H4;  R’  =CHj,  CjHj 

The  reaction  takes  place  equally  well  with  alkyl  8  -chlorovinyl  ketones  (methyl  and  propyl  8  -chloro¬ 
vinyl  ketones)  and  with  their  aromatic  analogs  (phenyl,  o-bromophenyl  and  p-nitrophenyl  8 -chlorovinyl 
ketones).  We  used  trimethylamine  and  triethylamine  as  the  tertiary  amines.  It  was  found  by  us  that  the 
reaction  proceeds  so  smoothly  that  it  can  be  used  for  the  isolation  of  8 -chlorovinyl  ketones  wldiout 
preliminary  purification  of  the  latter  from  the  reaction  mixture  in  which  they  are  prepared  [8].  The  reaction 
takes  place  just  as  smoothly  with  pyridine;  the  corresponding  N-(8  -ketoalkenyl)-pyridinium  chlorides  are 
obuined  in  the  same  conditions  in  yields  of  90-95  %; 
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RCOCH 


CHCI  4- 


R  =  CII,.  C,FU 


Cl. 


CH  =  CHCOR 


Tlic  trlalkyl-(  6-ketoalkenyl)-ammoniiim  and  N-(fl -ketoalkenyl)-pyridinIum  salts  are  crystalline 
hygroscopic  substances,  readily  soluble  in  water  and  insoluble  in  the  majority  of  non-polar  solvents;  certain 
of  tl>em  are  soiuble  in  cliloroforni.  Wlien  well  purified,  they  may  be  stored  for  fairly  long  periods,  although 
the  pyridinium  salts  darken  with  time;  The  fl -ketoalkenylammonium  salts  readily  exchange  their  ionic 
chlorine  atom  for  other  anions.  This  reaction  is  carried  out  in  the  usual  way,  i.e,,  by  the  reaction  of  the 
chloride  with  the  salt  of  tlie  appropriate  acid  in  alcohol,  and  was  carried  out  by  us  for  the  preparation  of 
triethyl-(3-ketobutenyl)-ammonium  iodide  from  the  corresponding  chloride: 


Interesting  results  were  obtained  on  the  hydrolysis  of  one  of  the  salts  obtained  -•  triethyl-(6  -benzoyl- 
vInyl)-ammonium  chloride  —  by  heating  with  aqueous  bicarbonate  solution.  Instead  of  the  expected 
1,3,5-triacylbenzene  which  is  usually  formed  in  the  hydrolysis  of  6 -chlorovinyl  ketones  and  their  derivatives 
[1],  we  obtained  in  this  case  a  crystalline  substance  with  m.  p.  152-153*,  as  a  result  of  the  condensation  of 
the  hydroxymetiiylene  ketone  forn)ed  as  an  intermediate  product.  This  substance  gave  a  coloration  with 
ferric  chloride  and  decolorized  potassium  permanganate  instantly.  The  analysis  and  molecular  weight 
determination  indicated  the  composition  CigHi40j.  We  did  not  undertake  a  special  study  of  the  structure 
of  dtis  substance,  but  its  properties  and  molecular  formula  lead  to  one  of  two  suggested  structures  (I  or  II): 


CgHsCOCH^CHOCHCHCOCjHg 

(I) 


CgHsCOCjCHOH 

CHCHCOCgHj 

(11) 


EXPERIMENTAL 

Trie  thyl-(  6 -  acetyl vinyl)-ammonium  chloride.  A  solution  of  10.1  g  triethylamine 
in  .50  ml  absolute  ether  was  added  to  a  solution  of  10.45  g  methyl  fl -chlorovinyl  ketone  in  50  ml  absolute 
ether,  tlie  mixture  left  for  3  hours,  the  precipiuted  crystals  filtered  off  and  dried  in  vacuo.  Yield  18.5  g 
(907'’);  colorless  crystals,  m.  p.  160*  very  readily  soluble  In  water,  insoluble  in  ether  and  benzene. 

Found  7,!  Cl  17.32,  17.52.  CioHagONCl.  Calculated  7o:  Cl  17.23. 

Triethyl-(fl  -  butyrylvinyl)-ammonium-  chloride.  Prepared  similarly  from  12.0  g 
propyl  )r-chlorovinyl  ketone  and  9.3  g  triethylamine  in  30  ml  ether.  Yield  19.1  g  (89.7  7o)5  very  hygro¬ 
scopic  colorless  crystals,  m.  p.  96-98*  (in  sealed  capillary). 

Found  7o;  Cl  15.90.  C12H24ONCI.  Calculated  7o;  Cl  15.17. 

Triethyl-(  fl -benzoylvinyl)-ammonium  chloride  was  prepared  similarly  from  20.0  g 
plienyl  ft -chlorovinyl  ketone  and  14.65  g  triethylamine  in  50  ml  ether.  Yield  27  g  (84  7o);  colorless 
cry<:ials  v.itli  rii.  p.  135-135.5*  (with  decomp,  in  sealed  capillary), 

round  7,;  Cl  13.38;  13.43,  CisHgjONCl.  Calculated  7o;  Cl  13.24. 
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Triethyl-[  8-(o-broniobeiizoyl)-viiiyl]-ammoniuin  chloride  was  p repared 
similarly  from  0.5  g  o-bromoplieiiyl  fl  -chlorovinyl  keton^ and  0.25  g  triethylamine  in  10  ml  ether.  Yield 
0.5  g  (71%)l:  yellowish  crystals,  m.  p.  180°  (with  decomp). 

Found  Cl  10.47,  10.46.  CisHaiONClBr.  Calculated  Cl  10.23. 

Triethyl-[  B -(p-nitrobenzoyl)- vinyl]-ammonium  chloride  was  prepared  similarly 
from  0.3  g  p-nitrophenyl  fl -chlorovinyl  ketone  and  0.14  g  triethylamine  in  10  ml  ether  Yield  0.31  g 
(70.0  %).  Orange  leaflets  with  m.  p.  132*  (with  decomp.)  after  recrystallization  from  5 0«^  alcohol,  sparingly 
soluble  in  water,  readily  soluble  in  alcohol. 

Found  <7o:  N  8.47,  8.45;  Cl  11.47,  11.47.  CigHjiGgNjCl.  Calculated  N  8.25;  Cl  11.34. 

Trimethyl-(  B-acetjlvinyl)  -ammonium  chloride.  Solutions  of  4  g  methyl 
fl  -chlorovinyl  ketone  in  10  ml  benzene  and  25  ml  trimethylamine  in  20  ml  benzene  were  cooled  to  0*  and 
mixed,  after  which  the  mixture  was  left  to  stand  for '6  hours  at  room  temperature.  The  precipitate  was 
filtered  off  and  dried  over  paraffin.  Yield  5.3  g  (87  %);  colorless  hygroscopic  crystals  with  m.  p.  150*  (with 
decomp.). 

Found  %:  Cl  21.38;  21.06.  CtHhONCI.  Calculated  <7o:  Cl  21.67. 

N-(  fl  -  a c e ty  1  vi ny  1 )- py ri di n i um  chloride.  4.05  g  pyridine  was  added  with  cooling  and 
stirring  to  a  solution  of  5  g  methyl  fl -chlorovinyl  ketone  in  30  ml  absolute  etiier,  the  mixture  left  for 
several  hours  at  room  temperature,  the  precipitated  salt  filtered  off  and  dried  in  vacuo.  Yield  8.3  g 
colorless  crystals,  decomposition  temperature  163-165*  (rapid  heating  in  a  sealed  capillary). 

Found  %;  Cl  19.46;  19.03.  CgHuONCl.  Calculated  <>fo:  Cl  19.31  , 

N-(  fl  - benzoylvinyl)-pyridinium  chloride  was  prepared  similarly  from  9.0  g  phenyl 
fl  -  chlorovinyl  ketone  and  4.3  g  pyridine  in  30  ml  ether.  Yield  12.5  g  (94%);  colorless  hyposcopic  crystals, 
decomposition  temperature  171-172*  (rapid  heating  in  a  sealed  capillary). 

Found  %;  Cl  14.42;  14.53.  C^HeONCl.  Calculated  %:  Cl  14.43. 

Triethyl  -(  fl -acetylvinyl)-am  monium  iodide.  A  solution  of  0,9  g  sodium  iodide  in 
5  ml  medianol  was  added  to  a  solution  of  1.0  g  ttiethyl-(S-acetylvinyl)-ammonium  chloride  in  5  ml 
metlianol.  Tlie  mixture  was  left  for  2  hours  at  room  temperature,  the  precipitate  of  sodium  chloride 
filtered  off,  the  methanol  removed  from  the  filtrate  in  vacuo  over  sulfuric  acid  and  the  crystalline  residue 
recrystallized  from  anhydrous  alcohol.  Yield  1.0  g  (69.2  %);  colorless  prisms  with  m.  p.  138-140*  (with 
decomp.),  readily  soluble  in  water,  crystallizes  from  alcohol. 

Found  %!  I)  (Fajan’s  method)  42.98,  43.10.  CioH2oONI.  Calculated  %;  1 42. 71. 

The  hydrolysis  of  triethyl-(fl-benzoylvinyl)-ammonium  chloride.  A  solution  of  5.5  g 
triethyl-(fl -benzoylvinyl)-am monium  chloride  and  3.4  g  sodium  bicarbonate  in  40  ml  water  was  heated 
for  24  Iiours  at  50*.  The  yellowish  crystalline  precipitate  obtained  was  cooled,  filtered  off  and  recrystallized 
from  80  ml  methanol.  This  yielded  2.6  g  of  colorless  needle-like  crystals  with  m.  p,  152-153* . 

Found  %;  C  77.56,  77;66;  H  5,12.  5.12.  M  293  (determined  cryoscopically  in  benzene), 

CigH^p,.  Calculated  %:  C  77,68;  H  5.07.  M  278.3. 

The  substance  rapidly  decolorized  a  solution  of  potassium  permanganate  in  acetone  and  gave  an 
intense  cherry-red  coloration  with  a  solution  of  ferric  chloride  in  metlianol. 
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SUMMARY 


1.  Trlalkyl-(ft-ketDalkenyl)-amnioniuni  chlorides  and  B ‘■ketoalkenylpyrldiniurn  chlorides  have 
been  prepared  in  good  yields  by  the  reaction  of  0 -chloro vinyl  ketones  with  tertiary  aliphatic  amines  and 
pyridine  respectively,  In  a  medium  of  inert  solvents. 

2.  The  ionic  halogen  in  the  substances  obtained  is  easily  exchanged  for  another  anion  on  treatment 
widi  a  salt  of.  the  appropriate  acid. 
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THE  MECHANISM  OF  THE  HOFMANN  REACTION 
S,  I.  Kanevskaya*  and  U.  S,  Yaskina 

The  rnechanisni  of  the  Hofiiianii  reaction  has  up  to  the  present  time  been  tlie  subject  of  a 
great  deal  of  research  and  discussion.  In  particular,  tliere  are  several  opinions  on  tlie  question  of  the  closing 
of  die  glyoxalidone  ring  which  is  formed  when  the  Hofmann  reaction  is  carried  out  witii  amides  of  acylated 
6  -aminoacids. 

Different  authors  consider  that  the  closure  of  this  ring  takes  place: 

1)  by  tlie  formation  of  a  carbamic  acid  and  the  simultaneous  removal  of  die  acyl  group  as  die  salt  of 
the  carboxylic  acid  [1]: 


RCH-NHCOR' 

I 

CH^-NHCOOK 


RCH-NH 

I  >' 

CHa-NH 


2)  by  the  formation  of  the  isocyanate  with  die  simultaneous  removal  of  die  acyl  group  [2] 


RCH-NHCOR'  RCH-NH 

I  I  >CO; 

CHa— N=C=0  CHa-NH 


3)  by  the  formation  of  the  isocyanate  as  a  result  of  its  intramolecular  isomerization,  while  the  removal 
of  the  acyl  group  is  a  secondary  process  [3-6]: 


RCH-NHCOR' 

CHa-N=C=0 


RCH-NCOR 

1  >“ 
CHa-NH 


RCH-NH 

I 

CHo— NH 


In  order  to  examine  further  the  mechanism  of  the  Hofmann  reaction  we  carried  out  the  reaction  with 
-phenyl-fl  -(N-phenyl-N-benzoylamino)-propionamide  (I),  since  the  absence  of  a  hydrogen  atom  on  the 
nitrogen  of  die  amino  group  of  this  amide  means  that  the  formation  of  the  corresponding  glyoxalidone  is 
possible  only  by  the  first  of  the  schemes  described  above.  In  fact  compound  (I)  can  be  converted  into  the 
glyoxalidone  only  if  the  latter  is  formed  via  the  potassium  salt  of  the  carbamic  acid  according  to  the 
following  scheme: 
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QHs 

I  ^COC,iHr. 

CHa-CONH.! 

(I) 


Hr.  ^ 

KOH 


C„Hr,-CH-N 


/C„H5 

"'^COCoHr, 


CH2-N=C=0 


(H) 


/C„H, 

- »►  C«H:,-CH-N- 

I  ^COCoHr, 

tH.;-NHCOOK 


C„Hr,-CH-N-C„H5. 

I 

CHa-NH 


The  original  8-phenyl-fl-(N-phenylamino)-piOpionic  acid  was  prepared  by  us  from  its  lacum,  which 
was  prepared  in  turn  from  benzalaniline  and  bromoacetic  ester  by  the  Reformatsky  reaction  [7]. 

We  had  to  work  out  special  conditions  for  the  benzoylation  of  S -phenyl- 6 -(N-pheny lam ino)- 
propionic  acid,  since  tlie  action  of  benzoyl  chloride  in  pyridine  [8-10]  gave  negative  results  both  in  the 
cold  and  with  heating.  The  benzoylation  could  only  be  achieved  by  the  action  of  benzoyl  chloride  in  a 
medium  of  quinoline  bases.  In  this  way  we  obtained  S-phenyl-fl-(N-phenyl-N-benzoylamino)-propionic 
acid,  which  was  converted  to  the  amide  (1)  via  tlie  hydrochloride. 

In  die  study  of  the  reaction  between  8 -phenyl-6 -(N-phenyl-N-benzoylamino)-proprionamide  (I)  and 
potassium  hypobromite,  we  did  not  once  detect  the  formation  of  the  corresponding  glyoxalidone.  After  a 
careful  examination  of  the  reaction  products  the  only  substance  to  be  isolated  was  a  material  whose 
properties  and  analysis  data  corresponded  to  6 -phenyl-8 -(N-phenyl-N-benzoyl)-ethylenediamine. 

Consequently,  the  intermediate  isocyanate  (II),  as  a  result  of  the  absence  of  a  hydrogen  atom  on  the 
nitrogen  of  the  amino  group,  does  not  undergo  an  intramolecular  closure  to  form  the  glyoxalidone,  but  is 
hydrolyzed  under  the  influence  of  the  excess  alkali  to  the  corresponding  diamine. 


EXPERIMENTAL 

The  preparation  of  8-p henyl-8-(N**phenyl-N-benzoylamino)-propionic  acid. 

6  g  8 -phenyl-8 -(N-pheny lam ino)  propionic  acid  was  dissolved  in  9  ml  of  quinoline  bases,  (b.  p.  187-189") 
and  6  ml  of  benzoyl  chloride  added  to  tlie  solution,  during  which  the  mixture  evolved  heat.  After  26  hours 
the  mixture  was  poured  dropwise  into  100  ml  2  ’’Jo  hydrochloric  acid.  The  pale  grey  precipitate  obtained 
was  decanted,  dissolved  in  TJo  NaHCOs  solution  and  the  solution  obtained  acidified  with  20'7o  hydrochloric 
acid.  The  precipitate  obuined  was  filtered  off,  dried  in  a  vacuum  desiccator  treated  with  benzene  and 
recrystallized  twice  from  dilute  alcohol  (1:2).  The  substance  melted  at  163-164*.  Yield  6.02  g  (70<7o). 

Found  equiv  346.  C22H|903N.  Calculated  equiv  345.4. 

The  preparation  of  6-phenyl-B-(N-phenyl-N-ben zoylamino)-propionamide. 
2.4  g  8 -phenyl-6 -(N-phenyl-N-benzoylaniino )-  propionic  acid  and  1.5  ml  SOCI2  were  heated  for  2  hours 
15  minutes  at  38-40*  until  the  evolution  of  gas  bubbles  had  ceased.  The  excess  SOCI2  was  distilled  off  in 
vacuo,  the  residue  dissolved  in  a  small  quantityof anhydrous  CHCI3  and  the  solution  obtained  poured  with 
uninterrupted  stirring  into  chloroform  saturated  with  ammonia.  The  mixture  was  left  for  12  hours,  the 
precipitate  of  NH4CI  obtained  filtered  off  and  the  filtrate  evaporated.  The  thick  yellow  oil  obtained 
crystallized  when  treated  with  ether.  The  residue  was  filtered  off  and  recrystallized  twice  from  dilute 
alcohol  (1:2);  m,  p.  of  the  amide  155-156*. 

Found  C  76.71;  H  5.91;  N  7.80.  C22H20O2N2.  Calculated  ’’Joi  C  76.72;  H  5.86;  N  8.13. 

The  action  of  potassium  hypobromite  on  6  - pheny  1  - 8  - ( N  - pheny  1  -  N- benzoy  1- 
amino)-propionamide.  0.3  g  8 -phenyl-8 -(N-phenyl-N“benzoylamino)-propionamide  was  added  to 
a~freshly  prepared  solutiorToT  potassium  hypobromite  (0.606  g  KOH,  2.91  ml  water  and  0.093  ml  Br2). 
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40  minutes  after  tlie  reaction  had  begun  tlie  amide  had  been  converted  into  an  oily  yellow  colored 
substance,  which  after  1-1. fi  hours  began  to  solidify  and  acquired  an  orange  color.  On  further  shaking  no 
change  was  observed.  The  reaction  lasted  2  hours.  The  mixture  was  then  heated  on  the  water  batfi  at  a 
temperature  of  80*  for  C  minutes.  Tlie  mixture  was  cooled,  the  dark  yellow  precipitate  filtered  off, 
treated  several  times  with  toluene,  die  slight  undissolved  residue  again  filtered  off  and  the  filtrate  evaporated. 
This  yielded  0.16  g  of  pale  yellow  material,  which  after  recrystallizadon  from  dilute  alcohol  (l:])melted 
at  1G8.5-169.5*  corresponding  to  6 -phenyl-S -(N-phenyl-N-benzoyl)-ethylenediamine, 

Found  %!  C  79.81;  C  79.81}  H  6.39j  N  8.82.  CjjHjoONj..  Calculated  C  79.71;  H  6.38;  N  8.85. 

SUMMARY 

The  reaction  of  6 -phenyl-fi -(N-phenyl-N-benzoylamino)-proplonamide  with  poussium  hypobromite 
has  been  studied  and  it  has  been  established  drat  this  reaction  leads  not  to  the  corresponding  glyoxalidone 
but  to  8 -phenyl-8 -(N-phenyl-N-benzoyl)-ethylenediamine.  From  this  it  follows  that  the  glyoxalidones 
are  formed  not  as  a  result  of  intramolecular  cyclization  of  intermediate  carbamic  acid  salts  but  as  a  result 
of  intramolecular  isomerization  of  intermediate  isocyanates. 
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THE  SYNTHESIS  OF  SUBSTITUTED  E  T  H  Y  LE  N  E  D I  A  MI  N  ES  BY  THE 


HOFMANN  REACTION 
S.  I.  Kanevskaya*  and  D.  S.  Yasklna 


Substituted  etliylenediamines  have  in  recent  times  attracted  increased  attention  from  chemists  and 
pharmacologists  as  subsuinces  witli  extremely  valuable  biological  properties.  Many  ethylenediamine 
derivatives  exhibit,  as  is  well  known,  an  antihistamine  and  also  a  depressant  action.  The  salts  of  ethyl¬ 
enediamine  are  widely  used  as  diuretic  agents.  When  the  methods  of  synthesizing  substituted  ethylene- 
diamines  are  considered,  it  is  seen  from  the  literature  data  fl,  2]  that  in  the  majority  of  cases  the  synthesis 
of  these  compounds  is  fairly  complicated  as  a  result  of  the  many  stages  involved  and  partly  also  because 
of  the  difficulty  of  obtaining  the  starting  materials. 

In  1932  S.  I.  Kanevskaya  [3]  suggested  a  method,  which  was  extremely  convenient  from  the 
preparative  point  of  view,  for  tlie  preparation  of  arylethylenediamines,  based  on  the  decomposition  of  the 
corresponding  glyoxalidones  with  hydrochloric  acid.  The  latter  are  also  easily  formed  from  the  amides  of 
N-acylated  S-aminoacids  by  tlie  Hofmann  reaction,  as  was  established  by  S.  I.  Kanevskaya  and  V.  M. 
Rodionov.  This  therefore  seemed  to  us  to  be  an  appropriate  route  for  tlie  synthesis  of  phenylethylenediamine 
derivatives  [4]  containing  methoxy  and  methylenedioxy  groups  in  the  phenyl  radical.  The  synthesis  of 
4-methoxy-  and  3,4-metliylenedioxyphenylethylenediamine  was  achieved  according  to  the  following 
scheme: 

ArCHO  -H  NH;,  -i-  CHafCOOHlz  ->  ArCHCHzCOOH  ^ 

NH2 

— »  ArCHCHaCOOH  — ArCHCHjCONHa  -»► 

I  I 

NHCOC0H5  NHCOC0H5 

— ►  ArCH— NH  Ar-CH-NHa  •  HCI 

I  ^CO - ►  CHa— NHa  •  HCI 

CHa— NH 

Ar  =  4-CH30C6H4and3,4-CHa^^^CBH3 

The  original  0 -(3,4-methylenedioxyphenyl)-  and  0 -(4-methaxyphenyl)-0-aminoproplonic  acids 
were  prepared  by  us  according  to  tlie  widely  known  method  of  V,  M.  Rodionov  [5-13]  and  afterwards 
benzoylated  with  benzoyl  chloride  in  alkaline  medium  [14]  and  converted  (via  tlie  ester  or  the  hydrochloride) 
to  the  corresponding  amides.  When  tlie  Hofmann  reaction  was  carried  out  with  the  amides  of  0 -(3,4-methyl- 
enedloxyphenyl)-B  -(N-benzoylamlno)- propionic  and  0  -(4-methoxyphenyl)-0  -(N-benzoylam  lno)-propionIc 
acids,  v/e  isolated  respectively  r)-(3,4-methylenedioxyphenyl)-glyoxalldone  together  with  5-(3,4-methylene- 
dioxyphenyl)-l,3,4-oxadiazolone-(2)**  and  5-(4-methoxyphenyl)-glyoxalidone  together  with  5-(4-methoxy- 


•  Deceased 

•  •  It  should  be  noted  that  tliese  compounds,  which  were  already  prepared  by  us  In  the  first  half  of  1951, 
were  described  by  V.  M.  Rodionov  and  V.  V.  Kiseleva  [15]  in  the  middle  of  1953.  The  methods  of  separa¬ 
tion  worked  out  by  us,  however,  differ  from  those  described  by  V.  M.  Rodionov  and  V.  V.  Kiseleva. 


77 


pheiiyl)- 1,3,4 -oxadiazolone-(‘J).  When  5-(3,4-inetliylcnedioxyphenyl)-glyoxalidone  v/as  heated  with 
concentrated  hydrochloric  acid  in  the  conditions  described  earlier  by  S.  I.  Kanevskaya  [3],  charring  took 
place. 

Only  after  milder  hydrolysis  conditions  had  been  found  (dilute  HCl)  for  the  hydrolysis  of  this  glyoxal- 
idone  and  also  for  5-(4-niethoxyphenyl-glyoxalidone,  did  it  prove  possible  to  obtain  tlie  dihydrochlorides 
of  3,4-niethylenedioxyphenylethylenedianiine  and  d-niethoxyphenylethylenediamine. 

Pharmacological  tests,  carried  out  in  tlie  School  of  Pharmacology  of  the  Moscow  Pharmaceutical 
Listitute  by  M.  M.  Nikolaeva  and  P.  M.  Subbotin,  showed  that  3,4-metliylenedioxyphenylethylenediamine 
dihydrochloride,  taken  internally,  brought  about  an  increase  in  tlie  blood  pressure  of  cats  a  nd  rabbits,  its 
action,  however,  being  approximately  500  times  weaker  than  that  of  adrenalin,  At  the  same  time  4-meth- 
oxyphenylethylenediamine  dihydrochloride,  in  the  same  doses,  proved  to  be  Incapable  of  altering  the  blood 
pressure. 

EXPERIMENTAL 

I.  fl  -  (3,4-Mcthylenedioxyphenyl)-8  -  (N-benzoylamlno)-propionlc  acid, 

G.O  g  8 -(3,4-methylenedioxyphenyl)-fl -aminopropionic  acid  was  dissolved  in  10%  KOH  solution  and  12.6  g 
benzoyl  chloride  added  in  small  portions  from  a  separating  funnel,  with  constant  shaking  and  cooling,  to 
the  solution  obtained.  10%  KOH  solution  was  also  added  in  small  portions  from  another  separating  funnel 
(100  ml  in  all)  so  diat  tlie  mixture  had  always  a  faintly  alkaline  reaction.  When  the  benzoylation  was 
complete,  200  ml  ether  was  added  and  the  aqueous  solution  acidified  with  HCl  (1:1)  with  constant  shaking 
until  acid  to  congo  red.  The  benzoyl  derivative  collected  at  the  boundary  between  the  aqueous  and  ether 
layers  as  a  white  pxjwder.  After  12  hours  the  precipitate  was  separated  and  washed  with  ether.  Yield  6.3  g 
(70%),  TIic  substance  obtained  was  twice  recrystallized  from  dilute  alcohol  (1:1);  m.  p.  196-197*. 

Found  %;  N  4.40  Equiv  312.3.  C17H1SO5N.  Calculated  %:  N  4.47.  Equiv  313.3. 

8  -  (3.4-methylenedioxyphenyl)-B  -  (N-benzoylamino)-proprionamide.  6.0  g 
8 -(3,4-methylenedioxyphenyl)-8 -(N-benzoylamino)-propionic  acid  and  4.2  ml  SOCI2  were  heated  at  40* 
until  die  evolution  of  bubbles  of  gas  had  ceased.  The  excess  SOC12  was  distilled  off  in  vacuo,  the  hydro¬ 
chloride  obtained  dissolved  in  a  small  quantity  of  anhydrous  chloroform,  and  this  solution  added  with  constant 
shaking  and  cooling  to  chloroform  saturated  with  ammonia.  After  12  hours  die  precipitate  obtained  was 
filtered  off,  washed  with  ether  and  then  3-4  times  with  a  solution  of  alkali.  The  material  obtained  was  ground 
up  with  water,  filtered  off  and  recrystallized  twice  from  alcohol.  Yield  5,3  g  (88  %).  The  amide  obtained 
melted  at  266-267*. 

Found  %;  N  8.78.  C17H15O4N2.  Calculated  %:  N  8.97. 

The  reaction  of  potassium  hypobromite  with  8  -  (3,4-methylenedioxyphenyl)- 
8 -(N-benzoylamino)-propionamide.  a)  The  preparation  of  5 -( 3 , 4  -  m  e  thylenediojiy - 
phenyil  -glyoxaiidoni*.  5  g  of  finely  ground  amide  was  added  to  a  freshly  prepared  solution  of 
hypobromite  n^lJ^  KOHT M~rnl  water  and  1.71  ml  bromine)  and  the  mixture  shaken  until  fully  dissolved. 

The  reaction  lasted  5  hours.  The  solution  obtained  was  heated  at  80*  for  6  minutes  (a  precipitate  came 
down  at  75*).  The  mixture  was  cooled,  die  precipitate  separated,  washed  with  water  and  treated  several 
times  with  alcohol.  I'art  of  the  substance,  insoluble  in  alcohol  (0.4  g)  proved  to  be  the  original  amide. 

Removal  of  the  solvent  from  the  alcoholic  filtrate  yielded  5-(3,4-methylenfedioxyphenyl)-glyoxalldone. 

After  two  recrysullizations  from  water  it  melted  at  212/-213  *;  yield  1.72  g  (56%). 

Found  %:  C  58.54;  H  4.87;  N  13.91.  CioH,o03N2,  Calculated  %:  C  58.24;  H  4,89;  N  13.58. 

b)  The  preparation  of  5-(3,4-methylenedioxyphenyl)-l,3,4-oxadlazolone- 
(2).  Tlie  alkaline  filtrate  obtained  after  die  separation  of  the  glyoxalidone  (see  above)  was  treated  with 
ilCl  (1:1)  until  acid  to  congo  red.  The  material  which  precipitated  was  treated  with  steam  and  the  residue 
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(0.5  g)  recrystallized  from  dilute  alcohol  (1:2),  m.  p.  242-243'  (1.4  g  benzoic  acid  v/as  isolated  from  the 
aqueous  distillate). 

Found  C  52.71;  H  2.99;  N  13.32.  C9H6C)4N2.  Calculated  C  52.44;  H  2.93;  N  13.59. 

3,4-Methylenedloxyphenyletliylenediamine  dihydrochloride.  0.5  g  5-(3,4- 
Metliylenedioxyphenyl)-gipxaiidbiTe  and  25  ml  lTcTr(l:2)  ^eTelieated  on  a  boiling  water  bath  for  1  hour, 

45  minutes.  The  solution  was  tlien  evaporated,  tlie  dry  residue  dissolved  in  water,  the  slight  residue  (  un¬ 
reacted  glyoxalidone)  filtered  off  and  the  filtrate  again  evaporated  to  dryness.  The  3,4-methylenedioxy- 
phenyletliylenediamine  dihydrochlorlcie  obtained  (0.  5  g,  Sl^o)  was  purified  by  precipitation  from  anhydrous 
alcohol  with  absolute  edier. 

Found  C  42.53;  H  5.53;  N  10.85.  CgHaOjNj.  •  211CI.  Calculated  C  42.71;  H  5.57;  N  11.07. 

_ 6  -  (4-Methoxyphenyl)-fl  -  (N-benzoylamino)-proplonlc  acid.  7.5  g 

ft  -(4-metlioxyphenyl)-3  -aminopropionicacid  was  added  to  a  small  quantity  of  10  KOH  solution,  and 
benzoyl  chloride  (16.13  g)  was  added  dropwise  from  a  separating  funnel  with  constant  shaking  and  cooling 
at  tlie  same  time  KOH  solution  (10.32  g  in  100  ml  water)  was  added  in  small  portions  from  another 
separating  funnel.  When  300  ml  ether  and  hydrochloric  acid  (to  an  acid  reaction  to  Congo  red)  had  been 
added,  a  white  substance  was  precipitated  attheboundary  between  tlie  aqueous  and  the  ether  layers.  After 
5  hours  this  substance  was  filtered  off  and  washed  with  ether.  Weight  10.8  g  (94<7.)),  m.  p  .  200-20T. 

Found  <70:  N  4.4G.  CnHi704N.  Calculated  %:  N  4.68. 

Ethyl  8  -  (4-i)iethoxyphenyl)-/)  -  (N-benzoylamino)-propionate.  5.0  g  cone. 
HjS04  was  added  to  a  solution  of  5.0  g  8 -(4-metlioxyphenyl)-B-(N-benzoylamino)-propionic  acid  in  100  ml 
anhydrous  alcohol  and  tlie  mixture  heated  on  the  water  batli  for  3  hours.  60  ml  of  alcohol  were  then 
distilled  off  (in  vacuo)  and  tlie  residue  poured  into  50  ml  cold  water,  and  a  white  precipitate  was  obtained, 
l°Jo  NallCOs  solution  was  tlien  added  until  faintly  alkaline  and  the  precipitate  filtered  off  after  2  hours. 

Yield  4,9  g  (90'7o).  After  two  recrystallizations  from  alcohol  the  substance  melted  at  120,5-121.5*. 

Found  <70:  N  4,03.  C19H21O4N.  Calculated  <7o;  N  4.28. 

The  preparation  of  8  -(4  -m  ethoxyphenyl)-8  -(N  -  benzoylamino)-propionamide. 
a)  3  g  of  ethyl  8 -(4-methoxyphenyl)-8 -(N-benzoylamino)-propionate  was  dissolved  in  absolute  alcohol 
saturated  witli  ammonia,  and  left  to  stand  in  a  tightly  stoppered  flask.  After  14  days  a  white  precipitate 
appeared  and  this  gradually  increased  in  quantity.  Tlie  precipitate  was  filtered  off  after  a  further  5  days  and 
recrystallized  from  alcohol.  Yield  1.5  g  (55 '7o);  m.  p,  258-259*. 

b)  4  g  8-(4-metlioxyphenyl)-8-(N-benzoylamino)-propionic  acid  and  2.8  ml  SOCI2  were  heated 
at  38-40*  until  the  evolution  of  gas  bubbles  had  ceased.  The  reaction  lasted  for  4  hours.  The  excess  SOCI2 
was  distilled  off  in  vacuo.  The  hydrochloride  obtained  was  dissolved  in  dry  chloroform  and  the  solution 
poured  with  constant  shaking  and  cooling  into  chloroform  saturated  with  ammonia.  A  white  precipitate 
was  obtained,  filtered  off  after  12  hours,  washed  with  water  and  recrystallized  twice  from  alcohol.  M.  p. 
258-259*;  yield  3.9  g  (97.8%). 

Found  %:  N  9,63.  CiTHigOaNj.  Calculated  %:  N  9.39. 

The  reaction  of  potassium  hypobromite  with  8  -  ( 4»m  ethoxyphenyl)- 
8  -  (  N-  benzoylamTii  o)  -  pr^  p  i  o  nli  m  i  d  e .  a  ^T  he~p  r  eparation  of  5-(4-methoxyphenyl)- 
g  1  y o X a  1  i  do  n e .~~2,T^f  finely  ground~amide  was  added  to  a  freshy  prepared  hypobromite  solution 
(5.83  g  KOH,  28  ml  water  and  0.9  ml  bromine)  and  tlie  mixture  shaken  until  completely  dissolved.  The 
reaction  lasted  for  3  hours.  The  solution  obtained  was  heated  at  80*  for  6  minutes  (a  precipitate  began  to 
form  at  45*  and  increased  markedly  at  75*).  The  mixture  was  cooled,  the  precipitate  filtered  off  and  washed 
with  water.  The  substance  obtained  was  treated  several  times  with  alcohol.  The  part  which  did  not  dissolve 
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(0.1  g)  proved  to  be  tlie  original  amide.  Removal  of  the  solvent  from  the  alcoholic  filtrates  yielded  0.75  g 
of  die  glyoxalidone.  which  after  two  recrystallizations  from  water  melted  at  149-150*. 

Found  •’/rt  N  14.64.  CioHuO,N,.  Calculated  N  14.57. 

b)  The  separation  of  5  -  (  4  -  m  e  thoxy  ph  en  y  1)  -  1 , 3 , 4  -  o  xa  dia  zo  lo  ne  -  ( 2 ),  1.0  g 
of  material  was  Isolated  from  the  alkaline  filtrate  obtained  after  the  separation  of  the  glyoxalidone 
(see  above)  by  acidificatioh  widi  HCl.  When  this  had  been  treated  with  steam,  0.17  g  of  material  was 
left  and  diis  was  recrystallized  twice  from  bO^/o  alcohol.  M.  p.  179-180*  (0.8  g  benzoic  acid  was  isolated 
from  the  aqueous  distillate). 

Found  ^o:  C  56.20.  H  4.26;  N  14.55.  CjHgOjNj.  Calculated  <7o:  C  56.24;  H  4.21;  N  14.57. 

4-Methoxyphenylethylenediamine  dlhydrochloride.  0.5  g  of  5-(4-methoxy- 
phenyl)- glyoxalidone  and  25  ml  HCl  (1:2)  were  heated  on  die  boiling  water  bath  for  1  hour  45  minutes. 
The  solution  obtained  was  evaporated  and  the  dry  residue  dissolved  in  a  small  quantity  of  water.  The 
slight  residue  of  unreacted  glyoxalidone  was  filtered  off  and  the  filtrate  evaporated  to  dryness.  The  sub¬ 
stance  obtained  was  purified  by  precipitation  from  anhydrous  alcohol  with  absolute  ether.  Yield  0.5  g 
(80.4<’/o). 

Found  ojy.  C  45.32;  H  6.60;  N  11.80.  CjHiiONj  •  2HC1.  Calculated  <7o:  C  45.21;  H  6.73.  N  11.71, 


SUMMARY 

1 .  The  synthesis  of  two  substituted  ethylenediamines  has  been  carried  out  starting  from  the  amides 
of  acylated  8 -aminoacids.  The  latter  are  converted  by  the  Hofmann  reaction  into  the  corresponding 
glyoxalidones,  which  are  then  decomposed  to  the  amines  by  hydrochloric  acid. 

2.  When  the  Hofmann  reaction  was  carried  out  using  the  amides  of  8  -(3,4-methylenedioxyphenyl)- 
8 -(N-benzoylamino)-propionic  and  8-(4-methoxyphenyl)-8-(N-benzoylamlno)-propionic  acids,  the 
products  were  5-(3,4-methylenedioxyphenyl)-glyoxalfdone,  together  with  5-(3,4-methylenedioxyphenyl)- 
l,3,4-oxadiazolone-(2).  and  5-(4-methoxyphenyl)-glyoxalidone,  together  with  5-(4-methoxyphenyl)-l,3,4i 
oxadiazolone-(  2). 

3.  The  conditions  have  been  worked  out  for  breaking  down  5-arylglyoxalidones,  containing 
alkoxy  groups  in  the  benzene  nucleus,  into  the  corresponding  diamines.  The  dihydrochlOrides  of  3,4- 
methylenedioxyphenylethylenediamine  and  4-methoxyphenylethylenediamine  have  been  prepared. 
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'I  Ili:  SYNTlll-SIS  1)1=  quinuclidonf; -2 
I-.  N.  Yaklioiitov  and  M.  V.  llubtsov 


The  only  known  oxyderivalivc  of  qninnrlidine  is  c|uinuclidone-3  (  I]  which  is  the  starting  product  for 
the  synthesis  of  substances  wiili  an  antispasiiiodic  atropine-like  action  |  2].  In  ilie  present  article  we 
descrilie  die  synthesis  of  another  oxyderivative  —  quiniiclidone-2  —  which  is  a  dicyclic  amide.  The 
synthesis  of  diis  compound  was  achieved  according  to  die  following  scheme: 
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The  starting  product  was  ediyl  pyridyl-d-acetate  (I).  The  methods  for  preparing  this  compound 
described  in  die  literature  arc  characterized  by  low  yields  and  considerable  complexity  [3].  It  seemed 
to  us  more  suitable  in  diis  case  to  use  the  Arndt-Eistert  method,  which  enables  die  product  (I)  to  be 
obtained  from  isoiiicotinic  acid  in  37  '’/>  yield.  Ethyl  piperidyl-4-acetate  (II)  was  prepared  by  die  hydro¬ 
genation  of  (1)  in  die  presence  of  platinum  catalyst  prepared  according  to  Adams,  This  mediod  for  the 
preparation  of  (II)  is  much  simpler  tliaii  die  multistage  syndiesis  carried  out  by  Prelog  starting  from 
j  -pyrone  f  4], 


Hydrolysis  of  (II)  yielded  the  hydrochloride  of  piperidyl-4-acetic  acid  (III),  which  was  converted  into 
die  crorresponding  chloride  (IV)  using  tliionyl  chloride.  The  compound  (IV)  was  converted  by  reaction  with 
ignited  potassium  carlxinate  in  anhydrous  chloroform  into  quinuclidone-2  (V) "  an  oily  substance  which  with 
hydroxylamiiie  formed  the  crystalline  oxime  (VI). 

Tlie  oxime  of  quinucIidone-V,  (VI)  was  also  obtained  from  ethyl  quinuclidiiie-2-carboxylate  by  the 
following  scheme: 
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Ethyl  quinuclldlne-2-carlxjxylate  was  condensed  with  ediyl  acetate  in  die  presence  of  sodium  ethoxide. 
The  sodium  derivative  of  the  enol  form  of  ediyl  B -(qninuclidyl-2)-6 -ketopropionate  (VII)  was  subjected 
to  ketonic  decomposition  with  the  formation  of  2-acetylqiiinuclidine  (VIII),  When  2-acetyl-quinuclidine 
was  treated  with  isoamyl  nitrite  in  the  presence  of  sodium  ethoxide  [6]  ,  the  product  was  the  oxime  of 
quinucIidone-2  (VI),  identical  with  the  oxime  of  quinuclidone-2  synthesized  from  ethyl  pyridyl-4-acetate. 
The  hydrolysis  of  (VI)  by  boiling  with  hydrochloric  acid  was  accompanied  by  rupture  of  die  quinuclidine 
ring  with  the  formation  of  die  hydrochloride  of  piperidyl-4-acetic  acid  (III). 

EXPERIMENTAL 

Ethyl  py  r  I  d  y  1  -  4  -  a  c  e  ta  te  (1),  A  mixture  of  G.l  g  isonicotinic  acid  and  60  ml  purified 
thionyl  chloride  was  heated  for  30  minutes  on  a  water  bath  at  50-55" .  'fhe  solution  obtained  was  evaporated 
in  vacuo  and  the  traces  of  thionyl  chloride  removed  by  the  twice  repeated  addition  of  anhydrous  benzene 
followed  by  vacuum  distillation.  The  isonicotinyl  chloride  hydrochloride  was  added  with  stirring  to  a 
solution  of  8  g  diazomethane  in  100  ml  anhydrous  ether.  The  mixture  was  left  for  48  hours  at  17-20"  and 
then  evaporated  in  vacuo.  5.7  g  diazometliyl  pyridyl-4  ketone  was  obtained.  Picrate:  yellow  crystals  (from 
alcohol),  m,  p.  242*.  • 

A  mixture  of  silver  oxide,  prepared  from  0,3  g  silver  nitrate  immediately  before  the  experiment  and 
washed  with  anhydrous  alcohol,  and  10  ml  anliydrous  alcohol  was  added  portion  wise  to  a  solution  of  3.4  g 
of  the  diazoketone  in  50  ml  anhydrous  alcohol.  The  reaction  mass  was  boiled  for  1.5  hours,  after  which  the 
precipitate  was  filtered  off  and  the  filtrate  evaporated  to  dryness  in  vacuo.  The  residue  was  treated  with 
20  ml  of  15  tfo  sodium  carbonate  solution  and  extracted  with  chloroform.  The  chloroform  extracts  were 
dried  with  ignited  potassium  carbonate,  the  chloroform  distilled  off  and  the  residue  vacuum  distilled.  This 
yielded  1.7  g  (37'7>))  of  ethyl  pyridyl-4-acetate  with  b.  p.  107-108"  (3  mm).  •  ‘Colorless  oily  substance, 
readily  soluble  in  the  common  organic  solvents,  sparingly  soluble  in  water. 

Hydrochloride  —  white  crystalline  powder,  m.  p.  135-136*.  Picrate  —  yellow  crystals,  m.  p. 
122-1^'; 

The  hydrazide  of  py  r  idy  I  -  4  -  ac  e  ti  c  acid,  A  mixture  of  2  g  ethyl  pyridyl-4- acetate, 

1,2  g  hydrazine  hydrate  and  5  ml  alcohol  was  boiled  for  5  hours.  The  solution  obtained  was  evaporated  in 
vacuo.  The  residue  was  ground  with  anhydrous  ether  and  filtered  off,  1,83  g  (100  of  the  hydrazide  of 
pyridyl-4-acetic  acid  was  obtained.  Colorless  crystals  with  m.  p.  90-91",  •  •  •  readily  soluble  in  water, 

acetone,  chloroform,  alcohol,  benzene  and  toluene,  sparingly  soluble  in  ether. 

Found  «/o:C  55.22;  H  5.94;  N  27.61.  C7H9ON3.  Calculated  C  55,63;  H  5.96;  N  27.81. 

Ethyl  pi  per  i  dy  1  -  4  -  a  ce  ta  te  (II).  6.3.  g  etliyl  pyridyl-4-acetate  hydrochloride,  50  ml 

anhydrous  alcohol  and  0.6  g  platinum  catalyst,  prepared  by  Adams  method,-  were  hydrogenated  at  17-20* 
under  a  pressure  of  40-50  cm  of  water.  The  hydrogenation  was  completed  in  24  hours.  The  catalyst  was 
filtered  off  and  the  filtrate  evaporated  in  vacuo.  This  yielded  6.48  g  (100%)  of  ethyl  piperidyl-4-acetate 
hydrochloride  in  the  form  of  a  white  crystalline  powder. 

2,7  g  of  the  hydrochloride  was  dissolved  in  water  and  treated  with  50%  potassium  carbonate  solution. 
The  base  which  separated  was  extracted  witli  ether.  The  ether  layer  was  dried  with  potassium  carbonate, 
the  ether  distilled  off  and  the  residue  vacuum  distilled,  b.  p,  125-127*  (15  mm),  *  •  •  ♦  1.8  g  of  ethyl 
pIperidyl-4-acetate  was  obtained.  Colorless  oily  substance,  readily  soluble  in  the  common  organic 
solvents,  less  readily  in  water, 

•  According  to  the  data  given  by  Dornow  [6]  tlie  melting  point  of  the  picrate  of  diazomethyl  pyridyl-4 
ketone  is  244*. 

•  •  Malan  and  Dean  [3]  give  for  ethyl  pyridy  1-4-acetate  b.  p.  107-108*  (3  mm);  picrate  m.  p,  121-123", 

•  •  •  Katritzky  [7]  gives  for  the  hydrazide  of  pyridyl-4-acetic  acid  rn.  p.  51-54*  pointing  out  that  it  varies 
between  50  and  120*  depending  on  the  rate  of  heating, 

•  ••  •  Prelog  and co-workers[4]  give  for  ethyl  piperidyl-4-acetate  b.  p.  123-127*  (15  mm). 
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round  <’/.•  C  63,28;  M  10.03;  N  7.96.  8.20.  CallifljN.  Calculated  C  63.16;  H  9.94;  N  8.18. 

The  liydr  azide  of  pi  pe  r  i  dy  1  -  4  -  a  c  e  ti  c  acid  —  colorless  hygroscopic  crystals,  readily 
soluble  ill  water  and  alcohol,  sparingly  soluble  in  etlicr,  acetone  and  chloroform.  M,  p.  107-108,5*. 

Dihydrochloride  —colorless  crystals,  soluble  in  water  and  methanol,  insoluble  in  etliyl  alcohol 
and  acetone,  M.  P.  227-228*. 

Pound  A;  c  36,67;  H  7.55;  N  18,25;  Cl’  31.06.  Cjll^ONa.  •  2HC1.  Calculated  C  36.57;  H  7.39; 

N  18.26;  Cl*  30.87. 

The  hydrochloride  of  p  i  pe  r  i  d  y  1  -  4  -  a  c  e  ti  c  acid  (III).  3,7  g  of  ethyl  piperidyl-4- 
acetatc  liydrochloridc  was  lx)il^  for  TT iTmiFr  vTith  20  mn7«/o  liydrochloric  acid.  The  solution  obtained  was 
evaporated  to  dryness  in  a  porcelain  disli.  The  residue  was  recrystallized  from  a  mixture  of  alcohol  and 
acetone.  3  g  (93.7;1,)  of  piperidyl-4-acetic  acid  hydrochloride  was  obtained.  Colorless  crystals,  readily 
soluble  in  water  and  alcoliol,  sparingly  soluble  in  acetone,  M,  p.  158-159*. 

Found  C  46.82.  47.21;  11  7.69;  7.67;  N  7.92;  Cl’  19.63.  CTH^OaN  •  HCl.  Calculated  <7o:  C  46.80; 

H  7.80;  N  7.80;  Cl*  19.77, 

Ouinuclidonc-2  (V).  A  mixture  of  2.9  g  piperidyl-4-acetic  acid  hydrochloride  and  30  ml 
lliionyl  chloride  was  heated  at  GO*  for  4  Itours.  The  excess  of  thionyl  chloride  was  distilled  off  in  vacuo, 
llie  last  traces  being  removed  by  the  three-fold  addition  of  anhydrous  benzene  followed  by  vacuum 
distillation.  50  ml  anhydrous  chloroform  and  7.2  g  of  ignited  potassium  carbonate  were  added  to  the 
piperidyl-4-aceryl  chloride  hydrochloride  (IV)  obtained.  Tlie  mixture  was  shaken  for  2  hours  and  then 
treated  with  30  ml  of  307j  potassium  carbonate  solution.  Tlie  aqueous  solution  was  extracted  several  times 
with  chlorofortn.  Tlie  chloroform  extract  was  dried  with  potassium  carbonate  and  the  chloroform  distilled 
off.  Tlie  residue  (2.15  g)  was  mixed  with  anhydrous  ether  and  the  solution  filtered  from  the  undissolved 
fraction.  Evaporation  of  the  ether  yielded  1.49  g  of  quinuclidone-2  in  the  form  of  an  oily  material  soluble 
In  die  common  organic  solvents.  When  an  attempt  was  made  to  distil  the  substance  in  vacuo  at  0.3  mm,  it 
was  converted  completely  to  a  tar.  The  sample  for  analysis  was  dried  over  phosphorus  pentoxide  in  vacuo 
(at  100*)  for  8  liours. 

Found  ;'o:  N  11.61.  C7HJ1ON.  Calculated  N  11.20. 

Qu  i  n  u  c  1  i  do  n  e  -  2  oxime  (VI).  A  solution  of  0.09  g  quinuclidone-2,  0.05  g  hydroxylamine 
hydrochloride  and  0.06  g  sodium  acetate  in  10  ml  water  was  boiled  for  2  hours,  then  evaporated  to  dryness 
and  die  residue  extracted  witli  anhydrous  alcohol.  The  alcoholic  solution  was  evaporated  in  vacuo  and 
die  crystals  obtained  • —  quinuclidone-2  oxime —  were  washed  with  ether.  M.  p.  171-172* .  A  mixture 
with  quinuclidone-2  oxime  prepared  from  2-acetylquinuclidine  melted  at  171-172*. 

The  condensation  of  ethyl  q  u  i  n  uc  11  di  n  e  -  2  -  ca  r  box  y  la  te  with  ethyl  acetate. 
A  mixture  of  1,3  g  ethyl  quinuclidine-2-carboxylate  and  1,2  g  ethyl  acetate  was  added  dropwise  with 
stirring  over  a  period  of  50  minutes  to  sodium  ethoxide  prepared  by  the  reaction  of  0.23  g  sodium  with  2  ml 
anhydrous  alcohol.  Stirring  was  continued  for  a  furdier  4  hours  at  room  temperature  and  then  for  10  hours 
with  the  mixture  gently  boiling.  When  25  ml  water  was  added  to  the  reaction  mass,  a  precipitate  separated. 
The  precipiute  was  filtered  off,  washed  with  water  and  dried  in  a  vacuum  desiccator  0.6  g  of  the  sodium 
derivative  of  tlie  enol  form  of  ethyl  fl -(quinuclidyl-2)-0 -ketopropionate  (VII)  was  obtained  in  the  form 
of  colorless  crysuls  with  m,  p.  115-116*.  The  substance  was  insoluble  in  water  and  in  the  common  organic 
solvents. 

Found  %;  C  52.23,  52.41;  H  7.17,  7.24;  N  5.44,  5.64.  CttHuOjNNa.  Calculated  C  52.30; 

II  7.28;  N  5.66. 
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The  aqueous  filtrate  was  treated  with  etlier  to  extract  the  ethyl  quinuclidine-2-carboxylate  and  then 
boiled  witli  hydrochloric  acids  0.3  g  of  2-acetylqulnuclidine  was  obtained  from  the  reaction  mass, 

2  -  A  c  e  t  y  Iquinuclidine  (VIII).  a)  A  solution  of  the  sodium  derivative  of  the  enol  form  of 
etlsyl  8  -(qulnuclidyl^)-e  -ketoproplonate  In  3  ml  concentrated  hydrochloric  acid  was  boiled  for  2  hours. 

The  reaction  mass  was  made  alkaline  wltli  50"/j  potassium  carbonate  solution  and  extracted  with  ether.  The 
etlser  extract  was  dried  witli  potassium  carbonate,  the  etlier  removed  and  the  residue  vacuum  distilled.  0.15  g 
2-acetylquinuclidlne  was  obtained  in  the  form  of  a  colorless  mobile  oily  substance  with  an  aromatic  odor. 

The  substance  was  soluble  in  water  and  the  common  organic  solvents.  Yield  83^0  (calculated  on  VII). 

Found  C  70.07;  H  9.G8;  N  9.11.  CjHuON.  Calculated  C  70,58;  H  9.80;  N  9.15. 

Hydrochloride  —  very  hygroscopic  colorless  crystals,  m.  p.  183-184’  (in  a  sealed  capillary). 

b)  A  mixture  of  9.2  g  of  ethyl  quinuclidIne-2-carboxylate  and  9  g  ethyl  acetate  was  added  dropwise 
witli  stirring  over  a  period  of  50  minutes  to  potassium  ethoxide  prepared  from  3.9  g  potassium  and  14  ml 
anhydrous  alcoliol.  Stirring  was  continued  for  a  further  4  hours  at  room  temperature  and  then  for  10  hours 
witli  the  mixture  gently  boiling.  Tlie  mixture  was  cooled  and  20  ml  concentrated  hydrochloric  acid  added 
to  tlie  reaction  mass.  The  alcohol  was  distilled  off  and  tlie  reaction  mass  boiled  under  reflux  for  2  hours. 

The  reaction  mass  was  dien  cooled,  made  alkaline  with  5070  potassium  carbonate  solution  and  extracted 
with  ether.  The  etlier  extract  was  dried  with  potassium  carbonate,  the  etlier  distilled  off  and  the  residue 
vacuum  distilled.  This  yielded  4.8  g  (61. 37.1,  calculated  on  tlie  ethyl  quinuclidine-2-carboxylate)  of 
2-acetylquinuclidine,  b,  p.  94-95*  (14  mm), 

Phenylhydrazone  —  yellow  crystals,  soluble  in  organic  solvents,  insoluble  in  water.  M,  p.  84*. 

Found  7..:  C  68.77;  H  8.79;  N  15.81,  16.18;  HjO  6,97.  C15H21N,  •  HjO.  Calculated  7o;  C  68.96; 

H  8.81;  N  16.09;  HjO  6.89. 

Ouinuclidone-2  oxime  (VIII).  2g  of  2-acetylquinuclidine  was  added  to  a  solution  of  sodium 
ethoxide  prepared  by  the  reaction  of  0.3  g  sodium  with  10  ml  anhydrous  alcohol.  The  reaction  mass  was 
cooled  to  -5*  treated  witli  3.4  g  isoamyl  nitrite  and  stirred  for  2  hours  at  -5* .  The  pale  yellow  solution 
obuined  was  tlieii  made  alkaline  with  30  ml  of  107o  caustic  potash  solution  and  extracted  with  ether.  The 
aqueous  alkaline  layer  was  treated  with  carbon  dioxide  until  no  longer  alkaline  to  phenolphtlialein.  This 
separated  the  free  oxime  from  the  potassium  derivative  of  the  quinuclidone-2  oxime  and  this  was  extracted 
repeatedly  with  ether.  The  etlier  extract  "was  dried  witli  sodium  sulfate  and  the  ether  distilled  off.  1.4  g 
(767.)  quinuclidone-2  oxime  was  obtained.  Colorless  crystals,  readily  soluble  in  water,  chloroform, 
alcohol  and  acetone,  sparingly  in  etlier  and  benzene.  M.  p.  171-17  7. 

Found  7^:  C  60.04,  59.83;  H  8.51,  8,56;  N  20.01.  CtHuONj.  Calculated  7o:  C  60.00;  H  8.57;  N  20.00. 

The  hydrolysis  of  quinuclidone-2  oxime.  0.8  g  of  quinuclidone-2  oxime  was  boiled 
for  3  l^rTi^  8  ml  177,  hydrochloric  acid.  The  solutioiTobtained  was  treated  with  0.5  g  sodium  nitrite 
to  decompose  the  hydroxylamine,  decolorized  with  charcoal  and  evaporated  to  dryness.  Piperidyl-4- 
acetic  acid  hydrochloride  was  extracted  from  the  sodium  chloride  mixture  with  anhydrous  alcohol.  The 
alcohol  v/as  distilled  off  in  vacuo.  0.9  g  (87.57,)  of  piperidyl-4-acetic  acid  hydrochloride  was  obtained. 
Colorless  crystils,  m.  p.  158-159*.  Tlie  substance  was  identical  with  the  piperidyl-4-acetic  acid  hydro¬ 
chloride  obuined  by  tlie  hydrolysis  of  etliyl  pIperldyl-4-aceute. 

SUMMARY 

Tlie  syntlicsis  of  qulnuclidone-2  has  been  carried  out. 
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THE  SYNTHESIS  OF  3  -  M  E  TH  YLQU I N  UC  LI  DT  N  E  -  2  -  C  A  RBOX  YLI C  ACID 


E.  E.  Mikhl.ina  and  M.  V.  Rubtsov 


Quinuclidine-2- carboxylic  acid,  which  has  been  prepared  by  a  number  of  authors  [  1-3],  is  die 
starting  material  for  the  synthesis  of  a  large  number  of  2-substituted  quinuclidines  [4^6]#  of  which  several 
show  a  high  pharmacological  activity.  In  this  connection,  interest  has  been  attached  to  the  previously 
unknown  alkylquinuclidine-2-carboxyllc  acids,  on  the  basis  of  which  a  new  series  of  disubstituted  quinuclidine 
derivatives  may  be  prepared  and  pharmacologically  studied. 

In  the  present  work  a  description  is  given  of  the  synthesis  of  3-methyl  quinuclidine-2-carboxylic 
acid  carried  out  by  us  starting  from  y -ethylpyrldine.  The  simplest  scheme  for  the  synthesis  of  this  acid, 
by  analogy  with  the  synthesis  of  quinuclidine-2-carboxylic  acid  carried  out  by  one  of  us  earlier 
appeared  to  be  the  condensation  of  y-ethylpyridine  (1)  with  dihydroxymalonic  ester  and  subsequent 
conversion  of  the  l,l-dicarbethoxy-2-(pyridyl-4’)-propene-l  (II)  into  3-methylquinuclidine-2-carboxylic 
acid. 

When  (I)  was  condensed  with  dihydroxymalonic  ester,  however,  the  product  obtained  was  not 
compound  (II)  but  ethyl  a-hydroxy-a-carbethoxy-  B -(pyridyl-4)-butyrate  (III).  The  reduction  of  the 
diether  (III)  in  die  presence  of  platinum  oxide  and  subsequent  hydrolysis  and  decarboxylation  led 
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to  a-hydroxy-  fl -(piperidyl-4)- butyric  acid  (IV).  To  convert  this  last  compound  into  3-methylquinuclidine - 
2-  carboxylic  acid  it  was  necessary  to  replace  the  a-hydroxy  group  in  the  acid  (IV)  by  a  halogen  atom. 

With  this  aim  the  acid  (IV)  was  treated  with  thionyl  chloride.  It  turned  out  that  at  60-65“  only  the 
chloride  of  the  acid  v/as  formed,  while  increase  of  the  temperature  to  70-75*  brought  about  considerable 
tar  formation,  ani^  in  these  conditions  also  no  replacement  of  the  a-hydroxy  group  by  chlorine  was  observed. 
The  latter  point  was  confirmed  by  the  fact  that  when  the  reaction  mass  was  treated  witii  alcohol  the  only 
product  obtained  was  ethyl  a-hydroxy- 6 -(piperidyl-4  )-butyrate  (IVd),  identical  with  the  ester  obtained 
by  the  esterification  of  the  acid  (IV)  witli  an  alcoholic  solution  of  hydrogen  chloride.  The  data  given  provide 
evidence  that  the  a-hydroxy  group  in  the  acid  (IV)  has  a  low  mobility,  as  a  result  of  which  the  use  of  the 
acid  (IV)  for  the  synthesis  of  3-methylquinuclidine-2-carboxylio  acid  proved  to  be  Impossible. 
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3-Methylquinuclidlne-2-carboxyiic  acid  was  prepared  according  to  the  following  scheme: 
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y-Ethylpyridine  (I)  was  condensed  with  chloral  in  the  presence  of  piperidinium  acetate.  The  2- 
(pyridyl-4’)-3-hydroxy-4,4,4-trichlorobutane  (V)  thus  formed  was  treated  witli  an  alcoholic  solution  of 
caustic  potash,  as  a  result  of  which  8 -methyl-6 -(Py'^ldyl-4)-acrylic  acid  (VI)  was  obtained.  The  latter 
was  reduced  to  6  -(piperidyl-4)-butyric  acid  (VII)  in  hydrochloric  acid  solution  in  the  presence  of  platinum 
catalyst  (according  to  Adams)  at  room  temperature.  The  acid  (VII)  was  treated  with  phosphorus  trichloride 
to  give  the  chloride,  which  on  treatment  with  bromine  and  then  with  ethyl  alcohol  was  converted  to  ethyl 
o-bromo-  8  -(piperldyl-4)-butyrate  (VIII).  When  the  bromoester  (VIII)  was  heated  with  pyridine,  ethyl 
3-methylquinuclidlne-2-carboxylate  was  obtained  (IX).  Some  of  the  acid  (VII),  which  had  not  reacted  with 
the  bromine,  was  present  in  traces  in  the  ester  (IX)  in  the  form  of  its  ethyl  ester,  and  was  removed  as  the 
N-benzoyl  derivative. 

Starting  from  die  ester  (IX),  we  prepared  the  hydrochloride  (X),  the  amide  (XI)  and  the  hydrazide 
(XII)  of  3-mediylquinuclidine-2-carboxylic  acid.  Reduction  of  the  ester  (IX)  led  to  the  formation  of 
2-hydroxymethyl-3-methylquinuclidine  (XIII).  In  the  course  of  the  work  we  prepared  and  characterized 
ethyl  6 -methyl-6 -(pyridyl-4)-acrylate  (Via)  and  ethyl  6 -(piperidyI-4)-  butyrate  (Vila). 


EXPERIMENTAL 

Ethyl  a-hydroxy-a-carbethoxy-6 -(pyridyl-4)-butyrate  (III).  9.73  g  y-ethyl- 
pyridine,  17.45  g  dihydroxymalonic  ester  and  48  ml  ac^lc  anhydride  were  heated  at  90*  for  10  hours.  The 
acetic  acid  and  excess  acetic  anhydride  were  then  distilled  off  in  vacuo  and  the  residue  distilled.  B.  P. 
lGO-162*  (0.45  mm).  The  substance  was  a  yellowish  viscous  liquid,  readily  soluble  in  organic  solvents, 
insoluble  in  water.  Yield  16.7  g  (66<7o). 


Found  C  59.52;  H  6.71.  CnHijOgN.  Calculated  C  59.78;  H  6.76. 

a  -  Hydrox>y-6 -(piperi<lyl-4)- butyric  acid  (IV).  4.5  ml  20 %  alcoholic  solution  of 
hydrogen  chloride  and  0.3  g  platinum  oxide  catalyst  (according  to  Adams)  were  added  to  a  solution  of  6.7  g 
etiiyl  a-hydroxy-a-carbethoxy-  6 -(pyrldyi-4)-butyrate  in  65  ml  anhydrous  alcohol.  The  reaction  mass  was 
shaken  up  with  hydrogen  at  room  temperature.  When  the  required  amount  of  hydrogen  had  been  absorbed, 
the  platinum  residue  was  filtered  off,  the  alcohol  distilled  off  in  vacuo  and  the  residue  boiled  for  30  hours 
widi  60  ml  concentrated  hydrochloric  acid.  The  hydrochloric  acid  solution  was  decolorized  with  charcoal 
and  evaporated  on  a  water  bath  until  crystallization  commenced.  The  evaporated  mass  was  diluted  with 
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acetone  and  the  a-hydroxy-  fi-(piperidyl-4)-biityric  acid  hydrochloride  was  filtered  off.  Colorless  crystals, 
readily  soluble  in  water  and  hot  alcohol,  sparingly  soluble  in  cold  alcohol,  insoluble  in  acetone  and  ether. 

M.  p.  198-201*.  Yield  3.2  g(52.3%). 

Found  «/o:  C  48.25:  H  8.04;  N  6.10;  Cl  15.77.  CjHitOjN  .  HCl.  Calculated  <7o:  C  48.32;  H  8.04; 

N  6.26;  Cl  15.88. 

Ethyl  a-hydroxy-S-(piperldyl-4)-buty rate.  0.5  g  a -hydroxy-8 -(pIperidyl-4)- butyric 
acid  hydrochloride  was  boiled  for  4  hours  with  5  ml  of  a~7%  alcoholic  solution  of  hydrogen  chloride.  The 
alcohol  was  distilled  off  in  vacuo,  the  residue  treated  with  5  ml  50%  potassium  carbonate  solution  and 
extracted  with  ether.  The  ether  solution  was  dried  with  potassium  carbonate,  the  ether  removed  and  the 
residue  vacuum  distilled.  B.  p.  125-128*  (0.2  mm) ,  n®  1.4878. 

Colorless  viscous  liquid,  readily  soluble  in  organic  solvents,  sparingly  soluble  in  water.  Yield  0.4  g  (79%). 

Found  %:  C  61.22;  H  9.66.  CuH2iPsN.  Calculated  %:  C  61.40;  H  9.76. 

2-(Pyridyl-4')-3-hydroxy-4,4,4-trichlorobutane  ( V ) . 44. 18  g  y-ethylpyridine, 

60.8  g  chloral,  2.54  g  piperidine  and  1.45  g  glacial  acetic  acid  were  heated  at  80*  (in  the  bath)  for  16  hours. 
The  viscous  reaction  mass  was  ground  widi  ether,  the  brown  precipitate  which  separated  was  removed, 
washed  with  edier  and  dissolved  in  200  ml  hot  ethyl  acetate.  The  ethyl  acetate  solution  was  decolorized 
with  charcoal, evaporated  in  vacuo  to  1/3  of  its  original  volume;  on  cooling,  39.7  g  2-(pyridyl-4')-3- 
hydroxy-4,4,4-trichlorobutane  was  obtained.  When  the  ethereal  mother  liquors  were  evaporated  and  the 
residue  subsequently  recrystallized  from  ethyl  acetate,  a  further  12.2  g  of  the  above  substance  was  obtained. 
Yield  51.9  g  (487^).  Colorless  gleaming  crystals,  readily  soluble  in  acetone,  alcohol  and  ethyl  aceute, 
insoluble  in  water,  ether  and  benzene.  M.  p.  138-140*. 

Found  %!  C  42.50;  H  4.10;  N  5.64.  C9H10ONCI3.  Calculated  %:  C  42.43;  H  3.92;  N  5.50. 

8 -Methyl-8 -(pyridyl-4)-acrylic  acid  (VI).  A  solution  of  20  g  2-(pyridyl-4')-3- 
hydroxy-4,4,4-trichlorobutane  in  167  ml  anhydrous  alcohol  was  added  to  a  solution  of  28  g  caustic  potash 
in  172  ml  anhydrous  alcohol.  The  solution  at  first  acquired  a  green  coloration  and  on  heating  this  changed 
to  txrown.  The  reaction  mass  was  boiled  for  2  hours,  cooled  to  60*  and  carbon  dioxide  passed  through  it 
at  this  temperature  to  convert  die  caustic  potash  unused  in  the  reaction  into  poussium  bicarbonate.  The 
inorganic  salt  was  removed,  the  alcohol  solution  evaporated  in  vacuo,  the  residue  dissolved  in  15  ml  water 
and  treated  with  acetic  acid.  After  2  hours  3.1  g  (24,4  %)  of  8 -methyl-8 -(pyrldyl -4)-acryllc  acid  was 
filtered  off.  Colorless  crystals,  soluble  on  heating  in  water  and  alcohol,  insoluble  in  ether,  benzene  and 
acetone.  M.  p.  218-220*  (decomp.). 

Found ‘Sfc:  C  66.78;  H  5.45;  N  8.68.  CjH^OiN.  Calculated  %;  C  66.26;  H  5.52;  N  8,60. 

Ethyl  B -  methyl- 8  -  (pyridyl-4)-acrylate  (Via).  Ig  8 -methyl-B -(pyridyl-4)- 
ac^ylic  acid  and  10  ml  15%  alcoholic  hydrogen  chloride  solution  were  heated  at  the  boil  for  4  hours.  The 
alcohol  was  distilled  off  in  vacuo,  the  residue  treated  with  10  ml  50%  potassium  carbonate  solution  and 
extracted  with  ether,  The  ether  solution  was  dried  with  potassium  carbonate,  the  ether  removed  and  the 
substance  distilled.  B.  p.  145*  (0.5  mm).  Colorless  mobile  liquid,  readily  soluble  in  organic  solvents, 
Insoluble  in  water.  Yield  0.92  g  (82.5%). 

Found  %;  C  68.66;  H  6.81;  N  7.13.  CjiHaPtN.  Calculated  %  ;  C  69.11;  H  6.81,  N  7.33. 

8 -(Piperidyl-4)-butyric  acid  (VII).  A  solution  of  4.3  g  8 -methyl-B -(pyrldyl-4)-acryUc 
acid  in  60  ml  4%  hydrochloric  acid  was  shaken  with  hydrogen  at  room  temperature  in  the  presence  of  0.2  g 
platinum  oxide  (according  to  Adams).  When  the  calculated  amount  of  hydrogen  (2.65  liters)  had  been 
absorbed  the  platinum  residue  was  filtered  off  and  the  hydrochloric  acid  distilled  off  in  vacuo.  The  residue 
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was  dissolved  in  10  ml  anhydrous  alcohol  and  tlie  alcohol  solution  diluted  with  ether  to  turbidity.  After 
24  hours  4,85  g  (89  /’,))  of  B  -(piperidyl-4)- butyric  acid  hydrochloride  was  filtered  off.  Colorless  crystals, 
readily  soluble  in  water  and  alcohol,  insoluble  In  acetone,  etlier,  benzene.  M.  p.  144-146*. 

Found  C  51.83;  H  8.59;  N  6.82;  Cl  17.28.  C::,Hi70,N- HCl.  Calculated  %:  C  52.05; 

H  8.67;  N  6.74;  Cl  17.11. 

Ethyl  .  B  -  (piperidyl-4)-butyrate  (Vila),  1.56  g  B -(piperidyl-4)-butyric  acid  hydrochlo¬ 
ride  and  15  ml  107i»  alcoholic  hydrogen  chloride  solution  were  heated  at  the  boil  for  3  hours.  After 
treatment  similar  to  that  described  above  the  ester  obtained  was  vacuum  distilled.  Yield  1.25  g  (83.57o). 

The  ester  was  a  colorless  mobile  liquid,  readily  soluble  in  water  and  organic  solvents.  B.p.  90-91"  (0.4  min)^ 
ng  1.4660. 

Found  N  7.11,  6.88.  CuHaOjN.  Calculated  N  7.02. 

Ethyl  3-methylquinuclidine-2-carboxylate  (IX).  A  solution  of  1.65  g  phosphorus 
trichloride  in  10  ml  dry  chloroformwas  added  over  a  period  of  10  minutes  with  stirring  to  a  suspension  of 
5  g  fl -(piperidyl-4)-butyric  acid  hydrochloride  in  20  ml  anhydrous  chloroform.  The  reaction  mass  was 
heated  at  65-70*  (in  the  bath)  for  8  hours.  A  solution  of  4,63  g  bromine  in  12  ml  chloroform  was  added  at 
60*  over  a  period  of  1  hour  to  the  B  -(piperidyl-4)-butyryl  chloride  hydrochloride  obtained.  Heating  was 
continued  at  60*  for  20  hours,  15  ml  anhydrous  alcohol  was  then  added  and  the  solution  boiled  for  4  hours. 

The  alcohol  was  distilled  off  in  vacuo,  the  residue  dissolved  in  15  ml  water,  15  ml  50 %  potassium  carbonate 
solution  added  to  the  aqueous  solution  and  the  ethyl  a-bromo-  B  -(piperidyl-4)-butyrate  (VII)  extracted 
with  ether.  The  ether  extract  was  shaken  for  a  short  time  with  potassium  carbonate,  filtered,  and  evaporated 
in  vacuo,  Tbe  bromide  obtained  was  boiled  for  4  hours  with  50  ml  pyridine,  the  pyridine  removed  in  vacuo, 
the  residue  treated  with  20  ml  of  50 7o  potassium  carbonate  solution  and  extracted  with  ether.  The  ether 
solution  was  dried  widi  potassium  carbonate,  the  ether  distilled  off  and  the  residue  vacuum  distilled.  B.  p. 

73-80*  (0,25  mm).  Yield  2,4  g. 

The  ethyl  3-methylquinuclidine-2-carboxylate  obtained  contained  a  small  quantity  of  ethyl 
B  -(piperidyl-4)-butyrate  as  impurity.  To  remove  this  impurity  the  distillate  was  benzoylated.  0.85  g 
benzoyl  chloride  was  added  with  cooling  to  a  solution  of  2.4  g  of  the  distillate  in  25  ml  pyridine.  The 
reaction  mass  was  stirred  for  3  hours.  The  pyridine  was  then  distilled  off  in  vacuo,  the  residue  dissolved  in 
12  ml  water,  acidified  with  cone,  hydrochloric  acid  and  extracted  with  ether.  The  hydrochloric  acid 
solution  was  treated  with  20  ml  507o  potassium  carbonate  solution  and  extracted  with  ether.  The  ether 
solution  obtained  on  extraction  of  the  alkaline  solution  was  dried  with  potassium  carbonate,  the  ether 
removed  and  the  substance  vacuum  distilled.  B,  p.  112"  (6  mm),  75-76*  (0.25  mm).  Yield  1,7  g(35.87o, 
calculated  on  the  B -(piperidyl-4)- butyric  acid  hydrochloride  taken  for  the  reaction).  Colorless  mobile 
liquid,  readily  soluble  in  water  and  organic  solvents. 

Found  7o:  N  7.15,  6.98,  ChHmOjN.  Calculated  7o:  N  7.10. 

3 -Methylquinuclidine-2-catboxylic  acid  hydrochloride  (X).  0.55  g  ethyl  3-methylqui- 
nuclidine-2-carboxylate  (IX)  and  6  ml  17‘5fc  HCl  were  heated  at  the  boil  for  5  hours.  3  ml  water 
was^  added  to  the  reaction  mass,  the  solution  decolorized  with  charcoal  and  evaporated  in  vacuo  until 
crystallization  commenced.  10  ml  acetone  was  then  added  and  the  crystals  filtered  off.  Yield  0.5  g  (87.57o). 
Colorless  crystals,  readily  soluble  in  water  and  hot  alcohol,  insoluble  in  ether,  acetone  and  chloroform.  M.  p. 

292*  (with  decomp.). 

Found  %:'C  .52.65,  52.73;  H  8.22,  8.07;  N  6.70,  6.83;  Cl  17.49.  C9H15O2N.  *  HCl. 

Calculated  <fo'.  C  52.55;  H  7.78;  N  6.80;  Cl  17.28. 

The  amide  of  3  -  m  e  thy  Iqui  nuc  li  di  ne  -  2  -  car  box  y  li  c  acid  (XI).  0.45  g  3-mediyl- 
quinuclidine-2-carboxylic  acid  hydrochloride  (X)  and  4,5  ml  thionyl  chloride  were  heated  at  70-72*  for  8 
hours.  The  excess  thionyl  chloride  was  distilled  off  in  vacuo,  10  ml  anhydrous  benzene  added  and  distilled 
off  In  vacuo  (twice).  The  crystalline  chloride  of  3-methylquinuclidine  “  2-carboxylic  acid  hydrochloride 
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obtained  was  suspended  in  25  ml  absolute  etlier  and  the  suspension  saturated  wltli  ammonia  with  cooling. 

The  reaction  mass  was  treated  witli  15  ml  50'/o  potassium  carbonate  solution,  tlie  ether  layer  separated  and 
the  alkaline  solution  extracted  witli  chloroform.  The  combined  chloroform  and  ether  extracts  were  dried 
with  potassfum  carbonate.  When  the  solvents  were  removed,  0,3  g  (81,5%)  of  tlie  amide  with  m.  p.  118-122* 
was  obtained,  M.  p.  127,5-128.5*  after  two  recrystallizations  from  ligroin  (80-120*).  Colorless  crystals, 
readily  soluble  in  water  and  organic  solvents. 

Found  %:  C  64.72;  H  9.45;  N  16.31.  CgHigONj.  Calculated  %:  C  64.32;  H  9.53;  N  16.65, 

The  hydrazide  of  3-methylquinuclidine-2-carboxylic  acid  (XII).  0.25  g 
ethyl  3-methylquinuclidine-2-carboxylate  (IX),  0.5  ml  hydrazine  hydrate  and  3  ml  alcohol  were  heated  at 
the  boil  for  5  hours.  The  alcohol  was  distilled  off,  and  the  oily  residue  crystallized  on  standing  in  a 
vacuum -desiccator.  0.2  g  (86.2%)  of  colorless  crystals  was  obtained,  readily  soluble  in  water,  alcohol, 
chloroform  and  acetone,  insoluble  in  ether  and  petroleum  ether.  M.  p.  77-82*. 

Found  %!  N  23.21.  C9H17ON3.  Calculated  %:  N  22.95, 

Picrate  —  yellow  crystals,  soluble  in  acetone,  alcohol,  insoluble  in  water,  ether.  M,  p,  175-177* 
(from  alcohol). 

Found  %;  C  43.59;  H  5.24;  N  20.23,  CgHiTONj  •  CgHjOyNj.  Calculated  %:  C  43,70;  H  4.85;  N  20.38. 

3-Methyl-2-hydroxymethylquinuclidine  (XIII),  0,32  g  lithium  aluminum  hydride 
was  added  to  a  solution  of  0,7  g  ethyl  3-methylquinuclidine -2-carboxylate  (IX)  in  30  ml  absolute  ether, 
and  the  reaction  mass  heated  with  stirring  and  the  ether  gently  boiling  for  2  hours.  0,7  ml  water  was  added 
to  the  cooled  mixture,  and  the  hydroxides  of  lithium  and  aluminum  filtered  off  and  carefully  washed  with 
ether.  The  ether  was  removed  and  the  substance  distilled.  B,  p,  78*  (0,2  mm).  0.55  g  (77.3%)  of  colorless 
mobile  liquid  was  obtained  readily  soluble  in  water  and  organic  solvents,  j  4992 


Found  %;  N  8.72.  C9H17ON,  Calculated  %;  N  9,04. 

SUMMARY 

A  description  is  given  of  the  synthesis  of  3-methylquinuclidine-2-carboxylic  acid  and  certain  of  its 
derivatives,  starting  from  y-ethylpyridine  via  2-(pyridyl-4*)-3-hydroxy-4,4,4-trichlorobutane,  fl-methyL 
S -(pyridyl-4)-acrylic  acid,  S -(piperidyl-4)-butyric  acid  and  ethyl  a-bromo-  8 -(piperidyl-4)-butyrate. 
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TETRALIN  HYDROPEROXIDE,  THE  PREPARATION  OF  CERTAIN 
ac-a-DERIVATIVES  OF  TETRALIN 

I.  I.ChizhevskayaandZ.  B.  Iclelchik 

Tlie  present  work  is  an  attempt  to  use  tetralin  hydroperoxide  as  the  starting  compound  of  a  series  of 
ac-a-derivatives  for  the  most  part  not  described  in  the  literature,  whose  preparation  is  difficult  using 
existing  syntlietic  organic  chemical  methods. 

The  method  proposed  for  tlie  preparation  of  tetralin  hydroperoxide  was  the  autoxidation  of  tetralin 
witli  molecular  oxygen  in  the  presence  of  tlie  stearates  of  manganese  or  cobalt,  which  have  been  success¬ 
fully  used  as  initiators  for  the  autoxidation  of  hydrocarbons,  in  work  carried  out  in  the  Academy  of  Sciences 
of  tlie  Byelorussian  SSR  under  the  direction  of  B.  V.  Erofeev  [I], 

Works  on  the  autoxidation  of  tetralin  occupy  an  important  place  among  the  large  number  of  works 
devoted  to  tlie  autoxidation  of  hydrocarbons. 

Tetralin  hydroperoxide  was  first  prepared  by  Hock  and  Susemihl  [2]  by  the  oxidation  of  tetralin  with 
aunosplieric  oxygen.  The  authors  of  this  work  established  the  structure  of  the  hydroperoxide  obtained  and 
studied  its  properties. 

In  later  works  on  the  study  of  the  autoxidation  of  tetralin,  the  kinetics  of  the  autoxidation  [3]  and 
the  reaction  mechanism  f4]  have  been  studied,  while  the  products  of  hydroperoxide  decomposition  [3  g  and 
also  side  products  of  the  oxidation,  accompanying  the  tetralin  hydroperoxide  [6],  have  been  examined. 

The  autoxidation  of  tetralin  in  the  presence  of  the  salts  of  metals  with  organic  acids  has  been  the 
subject  of  works  by  K.  Ivanov  and  co-workers  [7]and  by  Roliertson  and  Waters  [8],  Tlie  authors  of  these 
works  showed  tliat  the  naphtlienates  of  iron  and  manganese,  while  acting  as  exceptionally  active  accelerators 
of  tlie  autoxidation  of  tetralin,  intensify  the  decomposition  process  of  the  hydroperoxides  formed. 

The  are  no  data  in  tlie  literature  on  the  autoxidation  of  tetralin  in  the  presence  of  the  stearates  of 
manganese  and  cobalt. 

Our  experiments  on  tlie  autoxidation  of  tetralin  in  the  presence  of  stearates  of  manganese  and  cobalt, 
taken  in  concentrations  from  0,01  to  0.1%,  have  shown  that  tliese  compounds  considerably  accelerate  the 
process  of  autoxidation  of  tetralin.  Thus,  for  example,  in  the  autoxidation  of  tetralin  in  the  presence  of 
0,01%  manganese  stearate  at  70"  witli  an  oxygen  rate  of  25-30  ml/ minute  for  12-16  hours,  the  hydro¬ 
peroxide  content  in  the  oxidized  tetralin  reaches  200-220  mg/g,  whereas  in  the  oxidation  of  pure  tetralin 
at  75-85"  with  an  oxygen  rate  of  80-100  ml/minute,  the  same  hydroperoxide  content  is  reached  after 
60-66  hours.  The  yield  of  tetralin  hydroperoxide  in  the  autoxidation  of  tetralin  in  the  presence  of  0.01% 
manganese  stearate  equals  78-86%  calculated  on  the  original  tetralin.  The  tetralin  hydroperoxide  obtained 
is  slightly  contaminated  by  side-products  of  the  oxidation,  and  on  cooling  the  oxidized  fraction  of  the 
tetralin  to  a  temperature  of  +5"  it  separates  in  the  form  of  white  needle-like  crystals,  which  after  being 
washed  twice  with  petroleum  etlier  have  a  melting  point  corresponding  to  that  given  in  die  literature  for 
tetralin  Iiydroperoxide  [2,3]. 

Tlie  autoxidation  of  tetralin  in  the  presence  of  0.  1%  manganese  stearate  and  also  in  the  presence 
of  cobalt  stearate  (0.1,  0.01%),  leads  to  lower  yields  of  tetralin  hydroperoxide  (60-70%),  and  the  hydro- 
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peroxide  obtained  is  strongly  contaminated  by  viscous  side-products  of  the  autoxidation,  as  a  result  of  which 
it  cannot  be  isolated  in  a  crystalline  form. 

The  tetralin  hydroperoxide  (I)  obtained  was  reduced  by  sodium  sulfite  to  the  corresponding  alcohol 
ac-a-tetralol(lll)  |g]. 
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When  the  a-tetralol  was  heated  with  metliyl  alcohol  in  the  presence  of  a  few  drops  of  concentrated 
sulfuric  acid  the  product  was  the  ac-a-methoxytetralin  (III), 

A  notice  is  given  in  tire  literature  on  the  preparation  of  ac-a-methoxy-  S-bromotetralin  by  the 
action  of  methyl  alcohol  In  1,2-dibromotetralin  [lOJ.but  there  are  no  notices  in  the  literature  on  the 
preparation  of  ac-o-methoxytetralin. 

It  should  be  noted  that  when  the  etherification  of  ac-a-tetralol  was  carried  out  at  temperatures  above 
60*  we  obtained,  together  with  the  a-methoxytetralin,  a  considerable  amount  of  1,2-dihydronaphthalene 
(IV) —  the  product  of  dehydration  of  ac-a-tetralol,  which  takes  place  evidently  at  the  same  time  as  the 
etherification  process. 

In  experiments  on  the  preparation  of  ac-a-chlorotetralin  we  observed  that  the  reaction  took  a  similar 
course.  When  ac-a-tetralol  was  heated  with  concentrated  hydrochloric  acid,  a  considerable  amount  of 
1,2-dihydronaphthalene  (IV)  was  formed  with  the  ac-a-chlorotetralin. 

There  is  a  notice  in  the  literature  on  the  ability  of  ac-a-tetralol  to  undergo  dehydration,  which 
ukes  place  quantitatively  when  the  alcohol  is  heated  with  caustic  potash  to  a  temperature  of  200-210*  [jjJ, 
and  this  ability  to  undergo  dehydration  is  evidently  even  more  strongly  pronounced  when  the  ac-a-tetralol 
is  heated  in  the  presence  of  mineral  acids,  but  there  are  no  notices  on  this  point  in  the  literature. 

ac-a-Chlorotetralin  was  prepared  by  heating  ac-a-tetralol  with  hydrochloric  acid. 

In  contrast  to  the  ac-6-chlorotetralin  described  in  the  literature  [IJ,  which  decomposes  with  the 
liberation  of  hydrogen  chloride  when  heated  in  vacuo  to  a  temperature  of  50*,  ac-a-chlorotetralin  is 
distilled  in  vacuo  without  decomposition. 

ac-a-Chlorotetralln  was  used  by  us  for  the  synthesis  of  ac-a- ace toxy tetralin  and  ac-a-diethylamino- 
tetralin. 

Our  experiments  have  shown  that  the  mobility  of  the  chlorine  atom  situated  in  the  a-position  of  the 
tetralin  hydroaromatic  nucleus  is  considerably  lower  than  the  halide  mobility  characteristic  of  alicyclic 
hydrocarbons.  Thus,  for  example,  an  attempt  to  replace  the  chlorine  atom  by  the  nitro  group  by  the  action 
of  lutric  acid  on  ac-a-chlorotetralin  at  a  temperature  of  12-15*  was  unsuccessful:  the  original  ac-a- 
chlorotetralin  was  recovered  unchanged  from  the  reaction. 

ac-a-Acetoxytetralin  was  prepared  only  by  heating  ac-a-chlorotetralin  with  silver  acetate  in  glacial 
acetic  acid,  and  also  by  the  etherification  of  ac-a-tetralol  with  acetic  anhydride  in  pyridine. 

To  prepare  ac-a-dlethylaminotetralin  from  ac-a-chlorotetralin,  it  was  necessary  to  heat  the  latter 
with  diethylamine  under  pressure,  at  a  temperature  of  110-120*.  When  the  starting  materials  were  heated 
at  60-70*  the  alkylation  did  not  take  place. 

EXPERIMENTAL 

The  tetralin,  after  being  dried  over  anhydrous  MgS04  and  distilled  in  vacuo  from  metallic  sodium, 
had  the  following  constants: 
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B.  p.  67-72*  (3.5  nni)),  iiy  l.-'’475,  0.9705,  MR^  43.17;  Calc.  42.58. 

The  mancanese  stearate  was  prepared  from  sodium  stearate  and  manganese  nitrate 

Found  ‘y.,:  Mn  7.34.  MnfCjyf [35000)2.  Calculated  «/„:  Mn  8.83. 

The  autoxid  a  tion  of  tetralin  in  the  presence  of  0.01%  manganese  stearate. 

100  g  tetralin  and  0,013  g  manganese  stearate  were  placed  in  a  three-necked  glass  flask  fitted  with  stirring 
propeller.  The  contents  of  the  flask  were  heated  to  70*  after  which  the  mechanical  stirrer  was  switched 
off  and  oxygen  (purified  by  passing  through  ascarite,  H2SO4  and  CaCl2)  was  passed  through  using  a  bubbler 
consisting  of  a  glass  tube  reaciiing  to  the  foot  of  tlie  flask.  The  rate  of  passage  of  the  oxygen  was  25-30  ml/ 
minute.  Test  samples  of  the  reaction  mass  were  removed  periodically  from  the  reaction  flask  and  analysed  for 
tetralin  hydroperoxide  content. 

The  tetralin  hydroperoxide  content  was  determined  using  an  iodometric  method  [tsjl. 

The  sample  of  die  reaction  mass  weighing  approximately  0.02  g  was  placed  in  an  Erlenmeyer  flask  of 
100  ml  capacity  fitted  with  a  ground  glass  stopper,  after  which  5  ml  97%  acetic  acid  and  5  ml  10% 
potassium  iodide  were  added.  The  mixture  was  left  in  die  dark  at  18-20*.  After  1  hour  the  liberated  iodine 
was  titrated  widi  0.1  N  sodium  thiosulfate  solution  from  a  microburet,  A  blank  experiment  was  carried  out 
simultaneously. 

1  ml  0.1  N  sodium  thiosulfate  solution  corresponds  to  8,2  mg  tetralin  hydroperoxide  in  1  g  of  the 
reaction  mass. 

When  the  tettalin  hydroperoxide  content  in  1  g  of  the  reaction  mass  had  reached  200-220  mg,  the 
oxidation  was  stopped.  The  unreacted  tetralin  was  distilled  off  on  the  water  bath  at  a  temperature  of  65-70* 

(2  mm).  The  residue  in  die  distillation  flask  (23.5  g)  was  placed  in  a  freezing  mixture.  After  some  time 
the  tetralin  hydroperoxide  was  seen  to  crystallize.  The  crystals  were  washed  twice  on  a  filter  with 
petroleum  ether;  18.7  g  (79.5%)  of  pure  tetralin  hydroperoxide  was  obtained,  m.  p.  55". 

Found  %:  C  73.31;  H  7.74.  CioH^Oj.  Calculated  %:  C  73,17;  H  7.31. 

The  reduction  of  tetralin  hydroperoxide.  30  g  sodium  sulfite  was  gradually  added 
portionwise  in  the  form  of  a  25%  solution  to  28  g  of  tetralin  hydroperoxide  dissolved  in  40  ml  methyl  alcohol. 
The  reduction  was  carried  out  in  a  vessel  placed  in  a  vigorous  mechanical  shaker.  The  addition  of  the 
sodium  sulfite  was  accompanied  by  a  powerful  evolution  of  heat  by  the  contents  of  the  flask,  so  that  the 
latter  was  periodically  cooled  with  a  stream  of  cold  water.  After  5  hours  shaking  at  room  temperature  the 
reaction  product,  which  had  separated  on  the  surface  in  the  form  of  an  oil  with  a  pinkish  color,  was  extracted 
with  ether.  The  ether  extracts  were  dried  over  MgS04  and  vacuum  distilled. 

24  g  (95%,  calculated  on  the  tetralin  hydroperoxide)  of  ac- a-tetralol  was  obtained  in  the  form  of  a 
thick  colorless  glycerol-like  liquid  with  a  sharp  unpleasant  odor. 

B.  p.  lOr  (2  mm),  n*^  1.5673,  1,0996,  MR^  43.99;  Calc.  44.10. 

Found  %;  C  81.58;  H  7.86;  OH  10.29.  CiqHijO,  Calculated  %:  C  81.08;  H  8.10;  OH  11,49. 

ac- a-Tetralyl  a-naphthylurethan  was  prepared  from  0.5  g  ac-a-tetralol  and  0,5  g  a-naphthyl 
isocyanate  at  room  temperature.  After  18  hours  a  white  crystalline  precipitate  was  obtained,  which  after 
two  recrystallizations  from  dilute  metliyl  alcohol  melted  at  145-145.5"  , 

Found  %:  C  79.70;  H  6.06;  N  4.67.  CziHuOjN.  Calculated  %  C'79.53;  H  5.99;  N  4,42. 

The  preparation  of  a  c  -  a  -  m  e  tho  xy  te  tr  a  li  n .  5.2  g  ac-a-tetralol  mixed  with  15  ml 
anhydrous  methyl  alcohol  was  heated  at  60"  in  the  presence  of  one  drop  of  concentrated  sulfuric  acid  for 
9  hours.  The  reaction  mass  was  poured  into  water  and  tlie  oil  which  separated  was  extracted  witli  ether. 
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The  ether  extracts  were  dried  over  anhydrous  MgSO^  and  vacuum  distilled. 

4.4  g  (78  ^0,  calculated  on  the  ac-  a-tetralol)  of  substance  was  isolated.  Highly  mobile  liquid  with 
a  pleasant  fruity  odor. 

B.  p.  90-92.5*  (2.5  mm),  rtj,  1.5430.  d“  1.0343,  MR^  49.36j  calc.  48.84. 

Found  C  81.36;  H  8.70;  OCHg  18.42.  CuH^O.  Calculated  C  81.48;  H  8.71;  OCHj  19.13. 

The  preparation  of  1 , 2- dihydronaphthalene.  A  mixture  of  5  g  of  ac- a-tetralol  and 
25  ml  methyl  alcohol,  to  which  had  been  added  0.3  g  concentrated  sulfuric  acid,  was  heated  on  a  boiling 
water  bath  for  7  hours.  The  solution  was  cooled,  the  sulfuric  acid  neutralized  with  barium  carbonate,  the 
precipitate  which  formed  filtered  off  and  the  filtrate  vacuum  distilled.  2.5g  of  substance  was  obtained. 

B.  p.  IT  (5  mm),  n*^  1.5832,  1.0016,  MRp43.40;  calc.  42.11. 

Found  7o;  C  92.0  ;  H  8.08.  CioHjo.  Calculated  <7o:  C  92.3;  H  7.69. 

Contains  no  active  hydrogen  (Phugaev-Tserevitinov  method). 

0.3  g  of  the  substance  obtained  was  mixed  with  20  ml  chloroform  and  cooled  (ice  +  salt)  to  a 
temperature  of  -2*  and  then  brominated  (0.5  g  bromine  in  10  ml  chloroform).  The  chloroform  was 
distilled  off  in  vacuo  and  the  residue  in  the  distillation  flask  washed  with  water.  The  crystals  which  separated 
were  dried  in  air  and  recrystallized  from  petroleum  ether.  The  crystalline  material  melted  at  68-69*  vihich 
corresponds  to  1,2-dibromotetralin  [l(J. 

The  prepara  tion  .of  ac  -  a  -  ch  lor  o  te  tr  a  1  in .  5  g  ac-a-tetralol  was  heated  with  50  ml 
hydrochloric  acid  (d  1.19)  at  40-45*  for  6  hours.  The  reaction  mass  was  cooled  to  room  temperature,  poured 
into  cold  water  (400  ml),  and  the  oil  which  separated  was  extracted  with  ether.  The  ether  extracts  were 
washed  with  0.5  %  sodium  carbonate  solution  and  then  with  water  until  neutral  to  litmus  after  which  they 
were  dried  over  MgS04  and  vacuum  distilled.  4.4  g  (77%)  of  a  colorless  mobile  liquid  with  a  sharp  un¬ 
pleasant  odor  was  isolated. 

B.  p.  98-100*  (2  mm),  1.5698,  d“  1.1474,  MR^  47.68;  calc.  47.44. 

Found  %:  C  71.93;  H  6.79;  Cl  21.50.  C|,HijCl.  Calculated  %:  C  72.28;  H  6.60;  Cl  21.30. 

Contains  no  active  hydrogen  (Chugaev-Tserevltinov  method). 

The  preparation  of  a  c  -  a  -  die  th  y  lam  ino  te  tr  a  1  in .  20  g  ac-a-chlorotetralin  and  25  g 

diethylamine  in  two  glass  tubes  were  heated  at  110-120*  for  25  hours.  The  tubes  were  cooled  and  opened, 
and  the  crystalline  material  which  had  formed  inside  them  (the  hydrochlorides  of  the  excess  diethylamine 
and  the  amino  derivative)  was  dissolved  in  water.  The  free  base  of  the  aminoderivative  was  isolated  in  the 
form  of  an  oil  from  the  aqueous  solution  when  the  latter  was  made  alkaline,  and  the  oil  was  extracted  with 
ether.  The  ether  extracts  were  washed  repeatedly  with  water  to  remove  the  excess  diethylamine,  then  dried 
ov^r  MgS04  and  vacuum  distilled.  16,6  g  (68%)  of  ac- a-diethylaminotetralin  was  obtained  in  the  form  of 
a  mobile  liquid  with  an  unpleasant  odor. 

B.  p.  100-102*  (1.5  mm),  n"  1.5382,  d“  0.9819,  MR^  65,01;  calc.  64.99. 

Found  %:  C  82.93;  H  10.70;  N  7.20.  C^HjiN.  Calculated  C  82.75;  H  10.34;  N  6.89. 

When  dry  gaseous  HCl  was  passed  through  an  alcoholic  solution  of  the  amine,  a  white  crystalline 
precipitate  of  the  hydrochloride  was  obtained,  rapidly  deliquescing  in 'air. 

The  preparation  of  a  c  -  a  -  a  ce  to  x  y  te  tr  a  li  n .  a)  Starting  from  ac-a-chlorotetralin. 

3.6  g  of  ac-a-chlorotetralin  was  heated  with  4  g  silver  acetate  in  4  ml  glacial  acetic  acid  at  a  temperature  of 
60*  for  6  hours.  The  reaction  mass  was  cooled,  poured  into  water,  and  the  oil  which  separated  was  extracted 
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with  ether.  The  ether  extract  was  dried  over  anhydrous  MgS04  and  vacuum  distilled. 

B.  p.  112-114*  (2.5  mm),  n^?,  1.5286,  d*®  1.0810,  MR  54.18;  calc.  53.47. 

Found  C  75.59;  H  7.49.  C12HJ4O2.  Calculated  C  75.79;  H  7.58. 

b)  Starting  from  ac-o-tetralol.  30  g  was  heated  with  23  g  freshly  distilled  acetic  Anhydride  in  presence 
of  18  g  pyridine  at  60*  for  6  hours.  The  reaction  mass  was  cooled,  poured  into  2  liters  of  water  containing 
200  ml  3  N  hydrochloric  acid,  and  the  oil  which  separated  was  extracted  with  ether.  The  ether  extracts 
were  washed  with  water,  dried  over  MgS04  and  then  vacuum  distilled.  24.8  g  (66%)  of  substance  was 
obtained. 

B.  p.  108-109’  (1.5-2  mm),  n^  1.5290,  d“  1.0815,  MR  54.29;  calc.  53.47. 

r  >  U  4  D 

Found  %:  C  75.72;  H  7.72.  CaH^Oj.  Calculated  %:  C  75.79;  H  7.58. 

The  authors  have  to  thank  B.  V.  Erofeev  for  suggesting  the  theme  for  study  and  for  creating  the 
conditions  in  which  it  could  be  carried  out. 

SUMMARY 

1 .  A  more  rapid  method  for  preparing  tetralin  hydroperoxide  has  been  worked  out,  involving  the 
oxidation  of  tetralin  with  oxygen  in  the  presence  of  0.01%  manganese  stearate  at  a  temperature  of  70*  and 
with  a  rate  of  passage  of  oxygen  of  30  ml/ minute, 

2.  It  has  been  shown  possible  to  synthesize  ac-  a-derivatives  of  tetralin  starting  from  tetralin  hydro¬ 
peroxide;  ac-a-methoxytetralin,  ac-a-chlorotetralin  and  ac-a-diethylaminotetralin  have  been  prepared 
and  characterized  for  the  first  time. 

3.  It  has  been  shown  that  when  ac-a-tetralol  is  heated  in  the  presence  of  mineral  acids  (H2SO4,  HCl) 
to  temperatures  above  60-70*  partial  dehydration  of  the  ac-a-tenalol  takes  place  with  the  formation  of 
1,2-dihydronaphthalene. 
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HETEROCYCLIC  COMPOUNDS 


49.  SYNTHETIC  PAIN-RELIEVING  MATERIALS,  XI.  ESTERS  OF 
l-CARBALKOXYALKYL-2,5-DIMETHYL-4-PIPERIDOLS 

I.  N.  Nazarov,  R.  I.  Kruglikova  and  L.  A.  Bukhtenko 

In  recent  years  increased  interest  has  been  attached  to  esters  of  4-piperidoIs  with  different  substituents 
in  die  piperidine  ring  and  on  the  nitrogen  atom.  As  has  been  shown  in  a  number  of  works  from  our  laboratory 
[Ij  and  by  odier  authors  [2],  die  esters  of  4-piperidols  with  aromatic  acids  possess  a  high  anesthetic  activity, 
while  tlie  esters  of  4-phenyl-4-plperidols  and  fatty  acids  are  effective  analgesics.  Thus  l,2,5-trimethyl-4- 
phenyl-4-piperidyl  propionate  hydrochloride  which  was  synthesized  in  our  laboratory  and  has  come  into 
medical  practice  under  the  name  "Promedol",  is  several  times  more  active  than  morphine,  is  less  toxic,  and 
does  not  cause  addiction. 

With  the  aim  of  studying  the  influence  of  structure  on  tlie  physiological  activity  of  compounds  we 
have  prepared  esters  of  4-piperidols  with  carboxyl  substituents  on  the  nitrogen.  These  compounds  may  also  be 
regarded  as  analogs  of  eucaines  and  of  an  "open  cocaine"  in  which  the  ester  group  is  situated  not  on  the  carbon 
atoms  of  the  piperidine  ring  but  in  the  substituent  on  the  nitrogen.  These  compounds,  which  had  previously 
been  almost  unobtainable,  became  readily  available  after  a  simple  and  convenient  method  had  been  worked 
out  in  our  laboratory  for  the  preparation  of  different  4-piperidols  by  cyclizing  dienones  using  ammonia  and 
primary  amines  [3]. 

We  attempted  to  prepare  l-carbalkoxyalkyl-2,5-dimethyl-4-piperidols  in  two  ways;  1)  by  reduction 
of  die  previously  prepared  1-carbethoxym ethyl- 2,5 -dimethyl-4-piperidone  and  2)  by  introduction  of  the 
carboxylic  ester  residue  into  the  2,5-dimethyl-4-piperidol  molecule. 

When  l-carbethoxymethyl-2,5-dimethyl-4-.piperidone  was  hydrogenated  in  an  autoclave  under  a 
hydrogen  pressure  of  125  ami  in  the  presence  of  a  Ni  catalyst,  the  product  was  a  mixture  of  stereoisomeric 
l-carbethoxymethyl-2,5-dimethyl-4-piperidols,  from  which  only  one  crystalline  isomer  with  m,  p,  95-96* 

(I)  could  be  isolated.  As  I.  N.  Nazarov  and  co-workers  [4]have  recently  shown,  the  reduction  of  2,5-dimethyl- 
4-pipetidone  in  different  conditions  leads  to  the  formation  of  three  stereoisomeric  forms  of  2,5-dimethyl-4- 
piperidol  (a,  8  and  y)  from  the  four  theoretically  possible. 

The  reaction  of  the  a-form  of  2,5 -dimethyl-4-piperidol  with  chloroacetic  ester  also  led  to  the 
formation  (in  64  <^0  yield)  of  the  above-mentioned  isomer  of.  l-carbethoxymethyl-2,5-dimethyl-4-piperidol 
(I)  witli  m,  p.  95-96*: 


H  OH 
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CH3— /  1  ClCHjCOOC.H, 

CHy-Z^I 
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CH2COOC2H6 
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CH2COOC2H6. 
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The  a-isomers  of  l-a-carbethoxyethyl-2,5-dImethyl-4-pipericlol  (II)  and  l-a-carbethoxypropyl-2,6- 
dimcthyl-4-piperidol  (III)  were  prepared  (In  62  and  54%  yields)  by  treating  the  a-form  of  2,5-diniethyl- 
4-piperidol  (m.  p.  97-98*)  with  ethyl  a-bromoproplonate  and  ethyl  a-bromobutyrate  respectively.  The 
a-isomer  of  1-  8  -carbomethoxyethyl-2,5-dimethyl-4-piperidol  (IV)  was  prepared  (in  75%  yield)  by  the 
addition  of  methyl  acrylate  to  the  a-form  of  2,5-dimethyl-4-piperidol: 


H  OH 

\/ 


V'-CH, 


CHaCHCOOCjHfi 

(ti) 


H  OH 
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CHa-r^ 


CH, 


CjHgCHCOOCzHs 

(HI) 


-CHa 


CH2CH2COOCH3. 

(IV) 


The  reaction  of  2,5-dimethyl-4-piperidol  with  the  esters  of  a-halogeno-substituted  carboxylic  and 
acrylic  acids  was  carried  out  in  the  same  way  as  the  reaction  of  2,5-dimethyl-4-piperidone  with  the  same 
reagents  [6].  The  piperidols  (I-IV)  were  esterified  with  acetic  and  propionic  anhydrides  and  with  benzoyl 
chloride. 

To  prepare  die  acetates,  the  appropriate  piperidol  was  added  to  a  7- 10-fold  excess  of  acetic 
anhydride  previously  saturated  with  hydrogen  chloride,  and  the  mixture  heated  at  80-90*.  When  the  reaction 
was  complete,  dry  hydrogen  chloride  was  again  passed  into  the  reaction  mass,  the  excess  acetic  anhydride 
and  acetic  acid  distilled  off  in  vacuo  and  the  residue  treated  with  absolute  ether.  The  propionates  and 
benzoates  of  l-carbalkoxyalkyl-2,5-dimethyl-4-piperidols  were  prepared  similarly.  The  hydrochlorides,' 
which  are  convenient  for  pharmacological  testing  and  are  readily  soluble  in  water,  were  obtained  in  the 
esterification  process  and  purified  by  recrystalli  zation.  The  free  bases  were  isolated  only  in  those  cases 
where  the  hydrochlorides  were  obtained  in  the  form  of  an  oil  which  crystallized  with  difficulty.  In  one 
case,  in  die  preparation  of  l-carbethoxymethyl-2,5-dimethyl-4-piperidyl  acetate,  the  esterification  was 
carried  out  in  the  presence  of  concentrated  sulfuric  acid;  this  reaction  led  to  the  formation  of  the  sulfate  of 
the  acetate  and  this  was  also  readily  soluble  in  water.  In  this  way  the  following  esters  were  obtained: 


H  OCOR 
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CH3=/\ 

H  OCOR 

\/ 

CH3-/\ 

H  OCOR 

\/ 

CH3-/\ 

U7CH3 
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CH2COOC2H5 

CH2CH2COOCH3 
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r-(:hcooc2H6. 

(V)  R  =  CH„ 

(vn  R  =  C,H„ 

(VII)  R  =  C,H», 

(VIII)  R  =  CHj, 

(IX)  R  =  C,M», 

(X)  R  =  C,H„ 

(XI)  R  =  C,H«  R'  =  CH,, 
(Xin  R  =  C,H„  R’  =  CH!,. 
(XIII)  R  =  C,H„  R'  =  C,H,. 

Pharmacological  tests  showed,*  that  compounds  (V),  (VI)  and  (VIII)  show  no  pain-relieving 
activity.  When  given  in  doses  of  50  mg  'kg,  they  do  not  raise  the  threshold  of  pain  sensitivity.  The 
compounds  (X)  and  (XI)  show  a  very  weak  anesthetic  activity.  The  compound  (VII)  showed  a  considerable 
anesthetic  activity;  its  effect  approaches  that  of  novocaine.  A  comparison  of  l-carbalkoxyalkyl-2,5- 
dimethyl-4-piperidyl  benzoates  with  the  l-alkyl-2,5,dimethyl-4-piperidyl  benzoates  previously  prepared 
in  our  laboratory  QLJ  led  to  the  conclusion  that  the  replacement  of  the  alkyl  substituent  on  the  nitrogen  by 
a  carbalkoxy  group  leads  to  a  lowering  of  the  anesthetic  activity  of  the  compound. 


•  The  tests  were  carried  out  in  the  S.  Ordzhonikidze  All-Union  Chemical  and  Pharmaceutical  Institute 
in  die  laboratory  of  M.  D.  Mashkovsky. 
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EXPERIMENTAL 


1-Carbethoxym ethyl-2, 5-dlmethyl-4-plperidol  (I).  a)16.6  g  ethyl  chloroacetate 
was  poured  into  a  solution  of  38  g of  the  a-isonier  or2,5-dimethyl-4-piperidol  (m.  p.  97-98*)  [4]  in 
45  ml  alcohol.  Crystals  of  2,5-dimethyl-4-piperidol  hydrochloride  began  to  separate  after  30  minutes. 

The  mixture  was  left  for  24  hours  at  room  temperature  and  then  heated  for  3  hours  at  80-90*  .  The  alcohol 
was  distilled  off  in  vacuo,  the  residue  dissolved  in  75  ml  water,  extracted  three  times  with  ether  and  dried 
wltli  sodium  sulfate.  The  product  crystallized  on  removal  of  the  ether.  Two  recrystallizations  from  a 
mixture  ofbenzene  and  benzine  (1:2)  yielded  16.8  g  (64  %)  of  l-carbethoxymethyl-2,5-dimethyl-4-piperidol 
with  m.  p.  95-96* . 

Found  o;.:  N  6.55,  6.69.  CuHaiOjN.  Calculated  N  6.51. 

The  pi  era  te,  after  two  recrystallizations  from  alcohol,  melted  at  151-152*. 

Found  N  12.63,  12.66.  CnH240ioN4.  Calculated  N  12.61. 

The  hydrochloride  of  l-carbethoxymethyl-2,5-dimethyl-4-piperidol,  after  recrystallization 
from  acetone,  melted  at  131^32*. 

Found  %:  Cl  13.91.  C^HzaGaNCl.  Calculated  Cl  14.11. 

15.5  g  of  the  original  2,5-dimethyl-4-piperidol  was  isolated  from  the  aqueous  layer  by  treatment 
with  potassium  carbonate  and  extraction  with  ether. 

b)  27  g  of  l-carbethoxymethyl-2,5-dimethyl-4-piperidol  was  hydrogenated  in  an  autoclave  at  a 
hydrogen  pressure  of  125  atm  in  the  presence  of  Raney  nickel  catalyst  (5  g).  The  calculated  quantity  of 
hydrogen  was  absorbed.  When  hydrogenation  was  complete  the  catalyst  was  filtered  off,  the  alcohol 
(Introduced  in  washing  the  catalyst  and  autoclave)  distilled  off  in  vacuo,  and  the  product  left  to  crystallize. 
Large  needle-like  crystals  of  1-carbethoxymethyl  2,5-dimethyl-4-piperidol  (7.6  g)  were  formed  overnight. 
After  2  recrystallization  from  a  mixture  ofbenzene  and  benzine  (1:2)  the  product  melted  at  95-96*  and  gave 
no  melting  point  depression  with  the  sample  prepared  in  experiment  "  a  "  . 

Found  <^0:  C  61.39:  H  9.71;  N  6.59,  6.58.  C^HzAN.  Calculated  C  61.36;  H  9.63;  N  6.51. 

The  filtrate  (17.5  g  )  remaining  after  removal  of  the  crystals  was  vacuum  distilled  and  had  b.  p. 

125.5- 126“  (lmrrj),n^  1,4751.  On  prolonged  standing,  crystals  with  m.  p.  95-96*  slowly  separated  from  it. 

l-a-Carbethoxyethyl-2,5-dimethyl-4-piperidol  (II).  A  mixture  of  20  g  2,5-dimethyl- 
4-piperidol,  120  ml  acetone  and  13,8  g  ethyl  a-bromopropionate  was  left  to  stand  for  24  hours  at  room 
temperature  and  then  heated  for  18  hours  at  60*.  The  crystals  of  2,5-dimethyl-4-piperidol  hydrobromide 
which  precipitated  were  separated,  the  acetone  distilled  off  and  the  product  vacuum  distilled.  11  g  (63*70) 
of  1-  a-carbethoxyethyl-2,5-dimethyl-4-piperidol  (II)  was  obtained  in  the  form  of  a  thick  colorless  liquid. 

B.  p.  129-132*  (5  mm),  n*J  1.4761. 

Found  "/o:  N  6.30,  6.34.  C12H23O3N  .  Calculated  %;  N  6.12. 

The  hydrochloride  ofl-  a-carbethoxyethyl-2,5-dimethyl-4-piperidol  melted  at  169-170* 

(from  acetone). 

Found  %:  Cl  13.78,  13.82.  CaH2403NCl,  Calculated  %:  Cl  13.70. 

1-  a-Carbethoxypropyl-2,5-dimethyl-4-piperidol  (III).  A  mixture  of  35  g 

2.5- dimethyl-4-piperidol  in  150  ml  acetone  and  27  g  ethyl  a-bromobutyric  acid  was  heated  for  24  hours 
at  60*.  The  hydrobromide  of  the  original  piperidol  (15.5  g)  which  precipitated  was  filtered  off.  The 
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acetone  solution  was  again  licatcd  for  12  hours  at  (Id"  during  wliicli  2  g  of  tlie  liydrobroiriide  of  tlie  original 
piperidol  was  precipitated,  Tlie  acetone  was  distilled  from  tlie  iiioilier  solution  and  the  residue  vacuum 
distilled,  18  g  (r>47(>)  of  1- a-carJ>ethoxypropyl-2,.')~diinetIiyl-4-pipcridol  v/as  obtained  in  the  form  of  a 
thick  colorless  liquid  with  b,  p,  138-140"  (2,5  mm),  n*|j  1,4798, 

round  N  6,55,  6,72,  CigllzgOaN,  Calculated N  6,49, 

The  hydrochloride  precipitated  in  the  form  of  an  oil  which  did  not  crystallize  well, 

1-6  -  Carbomethoxyethyl-2,5-dimethyl-4-plperidol  (IV),  A  solution  of  23  g 
2,5-dimetiiyl-4-piperidol  in  20  g  metlTyi  acrylate  wariieated  for  6  Tioiirs  at  1^^120*.  Tlie  excess  methyl 
acrylate  was  distilled  off  and  the  product  remaining  vacuum  distilled,  29  g  (75%)  of  1- 8 -carbornethoxy- 
ethyl-2,5-dimethyl-4-piperidol  was  obtained  in  the  form  of  a  viscous  colorless  liquid  which  turned  yellow 
on  standing  in  air,  B,  p,  122-126*  (1  mm), 

1.4611,  d*®  1.053,  MR  58.11;  calc.  57.91. 

Found  %;  N  6,77,  6,97.  CjiHeiOgN  Calculated  %:  N  6.58. 

The  hydrochloride  was  obtained  as  hygroscopic  white  crystals  witli  m,  p.  129-132®, 

The  picrate  melted  at  153-153.5*  (from  alcohol). 


Found  %:  N  12.63,  12,42.  Ci^l240ioN4-  Calculated  %;  N  12.60. 

1  -  Ca  r  be  thox  ym  e  thy  1  -  2 , 5  -  d  im  e  thy  1  -  4  -  pi  per  i  dy  1  acetate  (V).  a)  A  solution 
of  2  g  l-carbethoxymethyl-2,6-dimethyl-4-piperidol  (  m.  p.  95-96*)  in  10  g  of  acetic  anhydride  previously 
saturated  with  dry  hydrogen  chloride  was  heated  on  a  boiling  water  bath  for  5  hours.  The  solution  was 
cooled  and  dry  hydrogen  chloride  again  passed  through.  The  excess  acetic  anhydride  and  acetic  acid  were 
distilled  off  in  vacuo  and  the  glassy  mass  which  remained  crystallized  on  treatment  with  ether.  Tliis  was 
precipitated  three  times  from  alcohol  with  ether  to  yield  2.5  g  (96%)  of  l-carbethoxymetiiyl-2,5-dimethyl- 
4-piperidyl  acetate  hydrochloride  with  m.  p.  165,5-166.5*  readily  soluble  in  water,  alcohol  and  acetone. 

Found  %;  N  4.88,  4.56;  Cl  11.97.  C13H24O4NCI.  Calculated  %;  N  4.77;  Cl  12.10. 

b)  A  mixture  of  0.7  g  l-carbethoxymethyl-2,5-dimethyl-4-piperidol,  3.2  g  acetic  anhydride  and 
0.3  g  concentrated  sulfuric  acid  was  heated  for  3  hours  on  a  boiling  water  bath.  The  crystals  which 
precipitated  were  washed  twice  with  etlier.  After  2  recrystallizations  from  aqueous  (50%)  alcohol,  0,62  g 
l-carbethoxymethyl-2,5-dimethyl-4-piperidyl  acetate  sulfate  with  m.  p.  226-227*  (with  tar  formation) 
was  obtained. 

Found  %!  N  4.49,  4.65  (Cj3H2304N2)2  *  H2SO4,  Calculated  %;  N  4.57. 

l-Carbethoxymethyl-2,5-dimethyl-4-piperidyl  propionate  (VI).  A  solution 
of  6  g  l-carbethoxymethyl-2,5-dimetbyl-4-piperidol  in  39  g  propionic  anhydride  previously  saturated  with 
dry  hydrogen  chloride  was  heated  for  6  hours  on  a  boiling  water  bath.  The  solution  was  cooled  and  dry 
hydrogen  chloride  again  passed  through.  The  excess  propionic  anhydride  was  distilled  off  in  vacuo  and  the 
residue  treated  with  etlier.  This  was  precipitated  three  times  from  alcohol  with  ether  to  yield  7.8  g  of 
the  hydrochloride‘pf  l-carbethoxymetliyl-2,5*dimethyl-piperidyl  propionate  (VI)  with  m.  p,  146-147* 
readily  soluble  in  water,  alcohol  and  acetone. 

Found  %;  N  4.42,  4,39;  Cl  11,61.  C14H26O4NCI.  Calculated  %;  N  4.55;  Cl  11.54. 
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l-Carbetlioxyniethyl-2.fi-ditnethyl-4-piperidyl  benzoate  (VII).  A  solution  of 
4  g  l-carl'>et]ioxyiiiethyl-2,fi-din)ethyl-4-piperidol  in  13  g  benzoyl  chloride  was  lieated  for  4  hours  on  a 
glycerol  bath  at  100-105*.  The  excess  benzoyl  chloride  was  distilled  off  and  the  residue  treated  with  ether. 
This  was  precipitated  three  times  from  alcohol  with ‘ether  to  yield  5.2  g  l-carbothoxymethyl-2,5-dimethyl- 
4-piperidyl  benzoate  hydrochloride  witli  m.  p.  166-167°  readily  soluble  in  water,  alcohol  and  acetone. 

Found  ‘’/o:  N  4.02,  4.06;  Cl  10.08.  C18H26O4NCI.  Calculated  N  3.94|  Cl  9.99. 

1- B  -  Car  bo  m  e  thoxy  e  thy  1  -  2 , 5  -  dim  e  thy  1  -  4  -  pi  per  i  dy  1  acetate  (VIII).  10  g  of 
l-fl-carbomethoxyethyl-2,5-dimethyl-4-piperidol  and  49.2  g  freshly  distilled  acetic  anhydride  were  taken. 
The  acylation  was  carried  out  as  described  above.  7.5  g  1-B -carbomethoxyethyl-2,5-dimethyl-4-piperidyl 
acetate  hydrochloride  was  obtained  and  after  2  recrystallizations  from  anhydrous  alcohol  this  melted  at 
161.5-162°  Readily  soluble  in  water,  alcohol  and  acetone. 

Found  <7o:  N  4.87,  4.75;  Cl  11.95.  C13H24O4NCI.  Calculated  N  4.77;  Cl  12.09. 

1-B -Carbomethoxy  ethyl-2, 5-dimethyl-4-piperidyl  propionate  (IX).  11  g 

of  l-B-carlx)methoxyethyl-2,5-dimethyl-4-piperidol  and  33  g  propionic  anhydride  were  taken.  The 
reaction  was  carried  out  as  described  above.  This  yielded  9.7  g  of  1-B -carbomethoxyethyl-2, 5-dim ethyl- 
4-piperidyl  propionate  hydrochloride  which  melted  at  131.5-132*  after  2  recrystallizations  from  anhydrous 
alcohol.  Readily  soluble  in  water,  alcohol  and  acetone. 

Found  C  54.44,  54.75;  H  8.23,  8.44;  Cl  11.69.  C14H26O4NCI.  Calculated  %:  C  54.70;  H  8.46; 

Cl  11.55. 


1  -  B  -  Ca  r  bom  e  thox  y  e  th  y  1  -  2 , 5  -  d  i  m  e  th  y  1  -  4  -  piper  idy  1  benzoate  (X).  18  g  of 
1-B  -carbomethoxyethyl-2, 5-dimethyl-4-piperidol  and  75  g  benzoyl  chloride  were  taken.  The  benzoylation 
was  carried  out  as  described  above.  18.9  g  of  1-B -carbomcthoxyethyl-2,5-dimethyl-4-piperidyl  benzoate 
hydrochloride  with  m.  p.  181-181.5*  (from  alcohol)was  obtained.  Readily  soluble  in  water,  alcohol  and 
acetone. 

Found  ^o:  N  3.99,  4.45;  Cl  9.85,  9.74.  Ci,H2604NCl.  Calculated  7o:  N  3.94;  Cl  9.99. 

1  -  a  -  c  ar  be  tho  X  y  e  th  y  1  -  2, 5  -  di  m  e  th  y  1  -  4  -  pi  peri  dy  1  benzoate  (XI).  6.5  g  of 
l-a-carbethoxyethyl-2,5-dimethyl-4-piperidol  and  20  g  benzoyl  chloride  were  taken.  The  reaction  was 
carried  out  as  described  above.  This  yielded  5  g  of  the  hydrochloride  of  l-a-carbethoxyethyl-2, 5-dimethyl 
4-piperidyl  benzoate  (XI)  with  m.  p.  193.5-194°  (from  alcohol).  Readily  soluble  in  water,  alcohol  and 
acetone. 

Found  C  61.86,  61.62;  H  7.55,  7.74.  Ci9H2804NCl.  Calculated  C  61.77;  H  7.59. 

1  -  g  -  C  ar  be  thox  ye  thy  1  -  2 , 5  -  dim  e  thy  1 -4  -  pi  per  i  dy  1  propionate  (XII).  2.5  g 
l-Qt-carbethoxyethyl-2,5-dimethyl-4-piperidol  and  13  g  propionic  anhydride  were  taken.  The  reaction 
was  carried  out  as  described  above.  Since  the  hydrochloride  of  the  propionate  could  not  be  crystallized, 
it  was  converted  into  the  free  base.  1.8  g  of-  l-a-carbethoxyethyl-2,5-dimethyl-4-piperidyl  propionate 
was  obtained  in  the  form  of  a  thick  liquid  with  b.  p.  135-137°(3.5  mm). 

Found  N  5.19,  5.28.  C15H27O4N.  Calculated  <7o:  N  4.95. 

l-a-Carbethoxypropyl-2,5-dimethyl-4-piperid.yl  benzoate  (XIII ) .  6  g  of 
l-g-carbethoxypropyl  -2,5-dimetliyl-4-piperidol  and  20  g  benzoyl  chloride  were  taken.  The  reaction  was 
carried  out  as  described  above.  This  yielded  3  g  of  l-a-carbethoxypropyl-2,5-dimethyl-4-piperidyl 
benzoate  in  the  form  of  a  viscous  liquid  with  b.  p.  185-190*  (4.5  mm). 

Found  N  4.32,  4.27.  C20H29O4N.  Calculated  N  4.04. 
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SUMMARY 

1.  Three  metfiods:  a)  the  reduction  of  l-carbalkoxyalkyl-2,5-dimethyl-4-pIperidone,  b)  the  action 
of  esters  of*  a-halogenosubstituted  acids  on  2,5-ditnethyl-4-piperidol  and  c)  the  addition  of  acrylic  esters 

to  2,5-dimediyl-4-piperidol,  have  been  used  to  prepare  l*carbalkoxyalkyl>2,5-dirT)ethyi-4-piperidols,  which 
were  dien  converted  into  the  corresponding  esters  (acetates,  propionates,  benzoates). 

2.  J-Carbethoxymethyl-2,5-dinnethyl-4-piperidyl  benzoate  hydrochloride  approaches  novocaine  in 
its  anesthetic  activity.  The  other  compounds  prepared  show  no  significant  physiological  activity. 
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HETEROCYCLIC  COMPOUNDS 


50.  SYNTHETIC  PAIN-RELIEVING  MATERIALS. 

XIII.  THE  ACTION  OF  PRIMARY  AMINES  ON  6,  fl -DIMETHYLDI VINYL  KETONE 
AND  1-METHOXY-5-METHYL-4-HEXENE-3-ONE.  THE  ESTERS  OF  1,2,2- 
TRIMETHYL-4-PHENYL-4-PIPERIDOL 

I.  N.  Nazarov  and  S.  M.  Makin 


It  has  been  shown  in  our  laboratory  tliat  6,  fl -dime thy Idivinyl  ketone  and  l-methoxy-5-methyl-4- 
hexene-3-one,  which  are  readily  obtained  by  the  isomerization  of  dimethylvinylethinylcarbinol  PL],  react 
with  aqueous  ammonia  to  give  2,2-dimethyl-4-piperidone  [2]; 


HO 

CH3-C/ 

I  I 

CH3  CH=CH2 


HtSO« 

CH,OH 
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CH  CH 


II  /CH3 
^^CH3 


CH2  CH 


I 

CH2 

OCH3 
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CH3 

CH3 
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Since  the  reaction  is  accompanied  by  the  formation  of  large  quantities  of  tarry  condensation  products, 
the  2,2-dimethyl-4-piperidone  could  only  be  isolated  in  very  small  amount  in  the  form  of  salts  (picrate  and 
oxalate). 

Interest  was  also  attached  to  the  study  of  the  action  of  primary  aliphatic  amines  on  fl,  fl-dimethyl- 
divinyl  ketone  and  l-methoxy-5-methyl-4-hexene-3-one  with  the  aim  of  preparing  l-alkyl-2,2-dimethyl-4- 
piperidone  which  could  then  be  used  as  starting  products  for  the  synthesis  of  physiologically  active  (pain- 
relieving)  compounds.  It  turned  out  that  tliis  reaction  depends  to  a  considerable  extent  on  the  primary  amine 
taken  for  the  reaction  and  also  on  the  temperature,  and  may  lead  either  to  the  formation  of  the  products  of 
addition  of  the  amines  to  the  double  bond  (in  mild  conditions)  or  to  the  formation  of  l-alkyl-2,2-dimethyl- 
4-  piperidones. 

In  die  reaction  of  isopropylamine  with  fl,  fl -dim ethyldi vinyl  ketone  (I)  at  room  temperature  the  only 
process  which  takes  place  is  the  addition  of  the  isopropylamine  to  the  unsubstituted  vinyl  group,  and  in  this 
way  l-isopropylamino-5-methyl-4-hexene-3-one  (II)  is  formed  (in  76  ^  yield).  As  has  been  shown  earlier 
(3,4],  the  reaction  of  fl,  fl -dimethyldivinyl  ketone  with  aniline  and  secondary  amines  takes  place  in  similar 
fashion.  The  unsaturated  ketoamine  (II)  is  also  obtained  by  the  reaction  of  isopropylamine  with  fl,fl- 
dimethyldivinyl  ketone  at  a  temperature  of  CO-65*  for  G  hours.  'Flie  yield  in  these  conditions,  however,  is 


considerably  lowered  (31  °Jo)  and  the  reaction  is  accompanied  by  a  great  deal  of  tar  formation.  The  structure 
of  die  unsaturated  ketoamine  (II)  has  been  proved  by  converting  it  by  hydrogenation  to  the  saturated  keto- 
amine  (III),  which  has  also  been  prepared  by  the  addition  of  isopropylamine  to  vinyl  isobutyl  ketone  (IV) 
(5.q: 


\c-CH-CO-CH=CH2  V^CHCOCHjCHjNHCaHriso 

ch/  cn/ 

(I)  (") 

H,!  N1 
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')CHCH2C0CH=CH2 

(IV) 


i$0~C,H,NH, 


CH 

CH 


’^CHCHaCOCHjCHjNHCaHr  iso 
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Methylamine  reacts  vigorously  with  S,  8 -dimethyldivinyl  ketone  (I)  even  at  room  temperature,  but 
the  corresponding  unsaturated  ketoamine  cannot  be  detected  in  this  case;  a  small  quantity  of  1,2,2,- 
trimediyl-4-piperidone  (V)  is  obtained,  while  the  greater  part  of  the  product  is  converted  to  a  tat. 
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II  II  /CH3  CH,NH. 
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In  the  reaction  of  primary  amines  (methylamine,  ethylamine,  isopropylamine)  with  1-methoxy-  5- 
methyl-4-hexene-3-one  (VI)  at  room  temperature  the  only  process  taking  place  is  the  addition  of  the 
amine  to  the  double  bond  with  the  formation  of  unstable  methoxyketoamines  (VII),  which  on  vacuum 
distillation  (6-7  mm)  are  almost  completely  decomposed  to  the  original  components,  as  has  also  been 
observed  in  the  case  of  the  diacetonamine  of  analogous  structure  [  8]. 
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The  reaction  of  l-methoxy-5-methyl-4-hexene-3-one  (VI)  with  aqueous  solutions  of  primary  amines 
(methylamine,  isopropylamine)  at  60-65*  for  4-6  hours  leads  to  die  formation  of  l-alkyl-2,2-dimethyl-4- 
piperidones  (V)  and  (VIII)  in  yields  of  20  -30<7o; 
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Metliylamine  reacts  more  readily  in  this  reaction  than  isopropyiamine,  but  a  considerable  amount 
of  tar  formation  always  takes  place.  Attempts  to  avoid  tar  formation  by  lowering  the  reaction  temperature 
or  reducing  die  time  of  heating  did  not  give  positive  results,  since  when  this  was  done  the  products  were 
mixtures,  difficult  to  separate,  of  the  piperidones  and  die  isomeric  products  of  the  addition  to  the  un¬ 
substituted  vinyl  group  of  the  B,  B -dimethyldi vinyl  ketone. 

Thus  the  cyclization  leading  to  y-piperidones  by  the  action  of  primary  amines  on  St0  "dimethyl¬ 
di  vinyl  ketone  proceeds  less  smoothly  and  with  much  lower  yields  than  in  the  case  of  other  di vinyl  ketones 
with  substituents  in  both  vinyl  groups. 


The  action  of  phenyllithium  on  l,2,2-trimethyl-4-piperidone  (V)  leads  to  the  formation  (in 
approximately  60%  yield)  of  1,2, 2, -trimethyl  4-phenyl-4-piperidol  (IX),  whose  esters  were  prepared  for 
pharmacological  tests. 


There  is  only  one  asymmetric  carbon  atom  in  the  molecule  of  l,2,2-trlmethyl-4-phenyl-4-piperidol, 
so  that  it  has  only  one  racemic  form,  which  melts  at  116-117". 

When  the  hydrochloride  of  l,2,2-trimethyl-4-phenyl-4-piperidol  (IX)  was  heated  with  acetyl 
chloride  in  acetic  anhydrideithe  acetate  (X)  was  obtained  in  good  yield.  l,2,2-Trimethyl-4-phenyl-4- 
piperidyl  propionate  (XI)  was  obtained  by  heating  a  solution  of  the  piperidol  (IX)  in  benzene  with  propionyl 
chloride  in  the  presence  of  fine  magnesium  turnings  (Spasov’s  method  [8]). 


CeHs^/OCOCH, 

M/CH, 

Y^ch, 

CHj 

(X) 


CoH5\^^OCOC2H6 

/\ 

I 

CHg 

(XI) 


CaHs^/OCOCaHg. 


CHg 

(XII) 


This  last  reaction  is  accompanied  by  the  formation  of  a  product  of  the  dehydration  of  1,2,2-trimethyl- 
4-phenyl-4-piperidol,  whose  structure  was  not  determined. 

The  1,2,2- trimethyl-4-phenyl-4-piperidyl  propionate  (XI)  described  above  is  the  structural  isomer 
of  promedol  (XU)  [9]  (l,2,5-trimethyl-4-phenyl-4-piperidyl  propionate)  and  it  was  therefore  interesting  to 
compare  their  pain-relieving  activity. 

Pharmacological  tests  carried  out  in  Prof.  M.  D.  Mashkovsky’s  laboratory  (S.  Ordzhonikidze  All-Union 
Chemical  and  Pharmaceutical  Scientific  Research  Institute)  showed  that  the  hydrochloride  of  1,2,2-trimethyl- 4- 
phenyl-4-  piperidyl  jjropionate  (XI)  exhibits  a  powerful  analgesic  action,  which  is  as  great  as  that  of  morphine. 

Its  pain-relieving  action,  however,  is  only  50-60%  of  that  of  promedol  (XII).  Thus  when  the  methyl  group 
is  shifted  from  the  5  position  to  the  2  position  of  the  piperidone  nucleus  in  the  promedol  mblecule,  the 
pain-relieving  activity  is  lowered  by  a  factor  of  almost  two. 

The  hydrochloride  of  the  acetate  (X),  in  doses  of  5  and  10  mg/ kg  in  tests  on  white  rats,  showed  no 
change  in  the  threshold  of  pain  sensitivity,  i.  e.  this  compound  shows  practically  no  pain-relieving  activity. 
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EXPERIMENTAL 


l-Methoxy-5-methyl-4-hexene-3-one  (VI).  1500  ml  methyl  alcohol,  40  g  finely 
divided  mercuric  sulfate  and  20(56  g  dimethyldivinyl  ketone  were  placed  in  a  three-necked  five-liter 
flask  fitted  witii  reflux  condenser,  mechanical  stirrer  and  thermometer.  The  mixture  was  stirred  at  38-40* 
for  13  hours  and  during  tliis  time  a  further  35  g  of  mercuric  sulfate  was  added  in  two  portions  (after  6  and 
10  hours).  A  total  of  75  g  mercuric  sulfate  was  thus  added.  The  mixture  was  cooled,  washed  with  saturated 
potassium  carbonate  solution  and  dried  widt  sodium  sulfate.  When  the  product  was  vacuum  distilled  2308  g 
(90^o)  of  the  previously  described  fuj  l-methoxy-5-methyl-4-hexene-3-one  (VI)  was  obtained. 

B.  p.  lG-19*  (9  mm),  n^  1.4555. 

The  removal  of  methanol  from  the  methoxyketone  (VI)  using  p-toluenesulfonlc  acid  led  to  the 
formation  of  B ,  8  -dimethyldivinyl  ketone  (I). 

B.  p.  54*  (15  mm),  n“  1.4800  flOj. 

l-Isopropylamino-5 -methyl-4-hexene-3 -one  (II).  a)  10  g  isopropylamlne  was 
placed  in  a  round-bottomed  flask  fitted  with  reflux  condenser,  mechanical  stirrer  and  thermometer,  3  drops 
of  water  were  added  and  19.4  g  of  8,6  -dimethyldivinyl  ketone  (I)  added  in  small  portions  with  stirring  at 
such  a  rate  that  the  evolution  of  heat  did  not  raise  the  temperature  above  60*.  The  reaction  mass  was  left 
at  room  temperature  for  20  minutes  and  then  vacuum  distilled.  After  a  second  distillation  21.7  g  (76<7o) 
of  l-isopropylamino-5-methyl-4-hexene-3-one  (II)  was  isolated  in  the  form  of  a  colorless  liquid. 

B.  p.  68-69*  (2.5  mm),  n*®  1.4659,  d*®  0.9015,  MR  51.92;  calc.  51.52. 

D  20 

Found  %:  N  8.49,  8.44.  CioH^ON.  Calculated  %;  N  8. 29. 

The  hydrochloride  of  the  ketoamine  (II)  was  prepared  by  tlie  action  of  dry  hydrogen  chloride 
on  a  solution  of  the  base  in  absolute  ether.  After  two  recrystallizations  from  acetone  it  melted  at  128-129*. 

Found  N  6.62,  6.68.  CioHjcONCl.  Calculated  N  6.81. 

b)  When  22  g  8,8  -dimethyldivinyl  ketone  (I)  was  heated  with  18  g  of  66°Jo  aqueous  isopropylamine 
solution  at  60-65*  for  6  hours,  10.6  g  (31%)  of  l-isopropylamino-5-methyl-4-hexene-3-one  was  obtained. 

B.  p.  64-65*  (2  mm),  n*®  1.4660,  d“  0.9015. 

D  20 

A  considerable  amount  of  the  substance  formed  a  tar. 

1  -  Isopropy  lam  i  no  -  5  -  m  e  thy  Ih  ex  an  e  -  3  -  on  e  (III),  a)  4.5  g  of  the  unsaturated 

ketoamine  (n)  (b.p.  68-69*  at  2.5  mm,  n*  1.4659)  in  15  ml  ethyl  alcohol  was  hydrogenated  in  the 

presence  of  nickel  catalyst.  650  ml  of  hydrogen  (730  mm,  22*)  was  absorbed  in  35  minutes.  The  catalyst 
was  separated,  the  alcohol  removed  and  the  product  vacuum  distilled.  3  g  of  the  saturated  ketoamine  (III) 
was  ob  tained  in  the  form  of  a  colorless  liquid. 

B.  p.  52*  (2  mm),  n*®  1.4365.  d^®  0.8666.  MR  51,72;  calc.  51.99. 

D  20 

Found  %:  N  7.98,  7.82.  CjoHjiGN.  Calculated  %;  N  8.18. 

The  hydrochloride  of  tliis  ketoamine  had  m.  p.  85-86*  (from  acetone). 
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Found  N  6.65,  6.71.  C10H23ONCI.  Calculated  N  6.74. 


b)  16.g  vinyl  Isobutyl  ketone  (b.  p.  61*  at  44  mm,  n”  1.4270  |ji])  was  taken  and  9  g  isopropylaminc 
was  added  dropwise  over  a  period  of  20  minutes  with  stirring  (so  that  the  temperature  of  the  reaction  mass 
did  not  exceed  50*),  after  which  the  reaction  mixture  was  heated  for  1  hour  at  50-55“  and  then  vacuum 
distilled.  12  g  of  l-isopropylamino-5-methyl-hexane-3-one  (III)  was  obtained. 

B.  p.  63*  (3  mm),  n*®  1,4350,  d“  0.8669. 

The  hydrochloride  of  the  ketoamine  obtained  had  m.  p.  86-87*  and  gave  no  melting  point  depression 
with  the  previous  specimen. 

The  action  of  methylamine  on  fl  ,  6 -dim  ethyldi  vinyl  ketone.  5  g  of  gaseous 
methylamine  was  passed  slowly  at  20*  witli  steady  stirring  into  22  g  8 ,  0  -dimethylBi vinyl  ketone.  The 
mixture  was  left  to  stand  at  room  temperature  for  2  hours  and  then  vacuum  distilled.  5.0  g  of  1, 2,2- 
trim  ethyl-4-piperi  done  (V)  was  obtained. 

B.  p.  52-53*  (2.5  mm),  n^  1.4688,  0.9582  [12], MR  40.46;  calc.  40.90. 

Found  'fo:  N  10.05,  10.29.  CjH^ON.  Calculated  <7o:  N  9.94. 

The  p i  c  r a  te  of  the  piperidone  (V)  was  precipitated  slowly  on  mixing  alcoholic  solutions  of  picric 
acid  and  the  piperidone  base.  It  was  obtained  after  two  recrystallizations  from  alcohol  in  the  form  of  a 
yellow  powder  with  m.  p.  150*  (decomp.). 

Found  <70;  N  15.15,  14.79.  C14H18O8N4.  Calculated  N  15.12. 

This  experiment  also  gave  16.8  g  of  a  condensation  product  with  b.  p.  70-140*  (2.5  mm)  which  was 
not  further  studied. 


The  action  of  methylamine  on  1 -m  eth  oxy -5 -m  ethy  1  -  4- hex  en  e- 3 -one. 
a)  21.3  of  freshly  distilled  l-methoxy-5-methyl-4-hexene-3-ohe  (VI)  (b.p.  76-79",  9mm,  n^  1.455) 
was  placed  in  a  three-necked  flask  fitted  with  mechanical  stirrer,  reflux  condenser  and  thermometer,  after 
which  20  g  of  25'7)  aqueous  metliylamine  solution  was  added  dropwise  over  a  period  of  15  minutes.  Evolution 
of  heat  was  observed  and  the  temperature  of  the  reaction  mass  rose  to  35*.  The  reaction  mass  was  left  at 
room  temperature  for  1.5  hours  and  then  made  acid  to  congo  red  by  treatment  with  18‘7o  hydrochloric  acid. 
The  neutral  products  were  carefully  extracted  several  times  with  ether  and  the  aqueous  layer  treated  with 
potassium  carbonate;  the  oil  which  rose  to  the  surface  was  extracted  with  ether  and  dried  with  ignited  sodium 
sulfate.  The  ether  was  removed  by  distillation  under  reduced  pressure  at  the  water  pump  at  a  bath 
temperature  not  exceeding  20*  and  the  residue  kept  for  3  hours  in  vacuo  at  the  oil  pump  (1.5  mm).  14.8  g  of 
impure  l-methoxy-5-methyl-5-methylaminohexane-3-one  (VII)  was  obtained  in  the  form  of  a  pale  yellow 
liquid  with  an  amine  odor. 

Found  ofo:  N  7.90.  7.95.  C9H19O2N.  Calculated  <7o:  N  8.08. 

The  hydrochloride  of  this  substance  was  an  oil  which  did  not  crystallize. 

When  dis.tilled  in  vacuo  tlie  product  (VII)  boiled  at  68-70*  (7  mm),  n^  1.4554  (weight  10.3  g)  and 
had  an  odor  of  the' original  l-methoxy-5-methyl-4-hexene-3-one.  (VI). 


Found  '7o:  N  3.38,  3.54. 

Similar  results  were  obtained  by  the  action  of  ethylamine  and  isopropylamine  (at  room  temperature) 
on  l-methoxy-5-methyl-4-hexene-3-one  (VI). 
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b)  A  mixture  of  284  g  of  the  methoxyketone  (VI),  216  g  of  30%  aqueous  methylamine  solution  and 
250  ml  methyl  alcohol  was  heated  in  a  steel  ball  for  4.5  hours  at  60*.  The  reaction  mass  was  then  acidified 
with  IS'Yohydrochloricacidto  coqgo  red  and  the  metlianol  distilled  off  in  vacuo.  The  neuaal  products  were 
carefully  extracted  with  ether  and  the  aqueous  solution  treated  with  solid  alkali.  The  oil  which  rose  to  the 
surface  was  extracted  with  ether  and  dried  with  sodium  sulfate.  When  the  product  was  vacuum  distilled, 

85  g  of  material  with  b.  p.  70-80*  (3.5  mm)  was  obtained,  105  g  of  tarry  residue  remained.  After  a  second 
vacuum  distillation,  64  g  (22.5%)  of  pure  l,2,2-trimethyl-4-piperidone  (V)  was  obtained. 

B.  p.  52-53*  (2.5  mm),  n^  1.4688,  dJJ  0.9582, 

The  p i c r a  te  of  the  1,2, 2-trimethyl-4-piperi done  (V)  obtained  melted  at  150*  (decomp.)  and  gave 
no  melting  point  depression  with  the  picrate  of  piperidone  (V)  prepared  by  the  action  of  methylamine  on 
8 ,  8  -dime thy Idl vinyl  ketone. 

1-  Isopro  py  1  -  2, 2  -  dim  e  thy  1  -  4  -  piper  idone  (VIII).  A  mixture  of  300g  of  the  methoxy¬ 
ketone  (VI),  250  ml  methyl  alcohol,  150  g  isopropylamine  and  300  ml  water  was  heated  in  a  steel  ball  at 
63-68*  for  6  hours  and  then  treated  as  in  the  previous  experiment.  When  the  product  was  vacuum  distilled, 

72  g  (20.5%)  of  l-isopropyl-2.5-dimethyl-4-piperidone  (VIII)  with  b.  p.  58-60*  (2  mm)  was  obtained  and 
tills  crystallized  in  the  receiver  when  distilled  a  second  time.  After  two  recrystallizations  from  benzene  the 
l-isopropyl-2,2-dimethyl-4-piperidone  had  m.  p.  40-41*. 

Found  %:  N  8.08,  8.04.  CwHijON.  Calculated  %:  N  8.28. 

The  hydrochloride  of  the  piperidone  (Vni)  was  prepared  by  saturating  an  ethereal  solution  of 
the  base  with  dry  hydrogen  chloride.  After  two  recrystallizations  from  alcohol  it  had  m.  p.  138-139". 

Found  %:  Cl  17.17.  17.21.  CioHjjoONCl.  Calculated  %:  Cl  17.32. 

1,2,2, -Trimethyl-4-phenyl-4-piperidol  (IX).  14. Ig  1,2,2 -  trim ethyl-4-piperidone 
(V)  was  added  over  a  period  of  one  hour  with  cooling  by  a  mixture  of  snow  and  salt  to  an  ethereal  solution 
of  phenyllithium  (prepared  in  the  usual  way  from  2  g  lithium  and  20.6  g  bromobenzene  in  50  ml  absolute 
ether).  The  reaction  mass  was  then  stirred  for  6  hours  at  room  temperature  and  for  2  hours  with  the  ether 
boiling.  The  product  was  hydrolyzed  with  water  (50  ml),  extracted  with  ether,  and  the  ether  extracts  treated 
with  10%  hydrochloric  acid  to  extract  the  base.  The  aqueous  acid  solution  was  treated  with  solid  alkali, 
the  oil  which  rose  to  the  surface  extracted  repeatedly  with  ether  and  dried  with  ignited  potassium  carbonate. 
When  the  ether  was  distilled  off  die  residue  crystallized  and  from  it  was  isolated  9.5  g  of  l,2,2-trimethyl-4- 
phenyl-4-piperidol  (IX)  which  after  two  recrystallizations  from  benzene  melted  at  116- 117*.  When  the 
mother  solution  was  distilled  in  vacuo  2.8  g  of  the  original  l,2,2-trimethyl-4-piperidone  with  b.  p.  56-60* 

(3  mm)  and  3.5  g  of  l,2,2-trimethyl-4-phenyl-4-piperidol  with  b.  p,  125-130*  (2.5  mm),  which  crystallized 
in  the  receiver  and  melted  at  116-117*,  were  obtained.  Toul  yield  of  l,2,2-trimethyl-4-phenyl-4-piperidol 
(IX)  13  g  (60%). 

Found  %:  C  76.41,  76.47;  H  9.60,  9.39;  N  6.35;  6.24.  CJ4H21ON,  Calculated  %;  C  76.67;  H  9.65; 

N  6.39. 

The  hydrochloride  of  l,2,2-trimethyl-4-phenyl-4-piperidol  (IX)  was  obtained  by  saturating 
an  ethereal  solution  of  the  base  with  dry  hydrogen  chloride.  After  recrystallization  from  a  mixture  of 
alcohol  and  acetone  it  melted  at  209-210*. 

Found  %;  Cl  13,91,  13.97.  C14H22ONCI.  Calculated  %:  Cl  13.87. 

1 , 2, 2  -  Tr  im  e  thy  1  -  4  -  ph  eny  1 -4  -  piper  i  dy  1  acetate  (X).  2.7  g  of  1,2,2-trimethyl - 
4-phenyl-4-piperidol  hydrochloride  (m.  p.  209-210*),  6  ml  acetyl  chloride  and  15  ml  acetic  anhydride 
were  heated  at  90-100*  for  10  hours.  The  acetyl  chloride  and  acetic  anhydride  were  distilled  off  in  vacuo 
and  the  residue  which  crystallized  was  washed  with  ether  and  dried  in  a  vacuum  desiccator.  After  two 
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recrystallizations  from  acetone,  2.7  g  of  the  hydrochloride  of  ],2,2-trimethyl-4-phenyl-4-piperidyl  aceute 
(X)  was  obtained  in  the  form  of  long  thin  needles  with  m.  p.  223-224*. 

Found  N  4.57,  4.47.  CigM2402NCl.  Calculated  N  4.71. 

l,2,2-Trimethyl-4-phenyl-4-piperidyl  propionate  (XI).  a)  A  mixture  of  10  g 

1.2.2- trimethyl-4-phenyl-4-piperidol  (m.  p.  ll^lir),  15  ml  dry  benzene,  35  ml  propionyl  chloride 
and  0.4  g  magnesium  turnings  was  heated  with  vigorous  stirring  for  5  hours  at  60-65*  until  the  precipitate 
initially  formed  had  completely  dissolved.  The  mixture  was  cooled,  the  propionyl  chloride  and  benzene 
distilled  off  in  vacuo,  the  residue  washed  with  etlier  and  dissolved  in  20  ml  water.  The  aqueous  solution 

was  treated  with  potassium  carbonate,  the  oil  which  rose  to  the  surface  was  extracted  with  ether  and  the  ether 
extract  dried  with  ignited  potassium  carbonate.  Two  distillations  in  vacuo  yielded  4.4  g  of  the  product  of 
the  dehydration  of  l,2,2-trimethyl-4-phenyl-4-piperidol  with  b.  p.  95-100*  (3.5  mm),  n  ^  1«5547 

(see  experiment  6)  and  5.3  g  of  l,2,2-trimethyl-4-phenyl-4-piperidyl  propionate  (XI)  with  b.p.  138-142*  (2.6 
mm). 

Found  <y,:  N  5.25,  5.29.  C17H25O2N.  Calculated  %  N  5.09. 

The  hydrochloride  of  l,2,2-trimethyl-4-phenyl-4-piperidyl  propionate  was  obtained  in  the 
usual  way  and  after  tiiree  recrystallizations  from  acetone  melted  at  169.5-170*. 

Found  <yo:  C  65.17,  65.29;  H  8.51,  8,35;  Cl  10.97,  11.15.  C17H26O2NCI.  Calculated  C  65.47; 

H  8.40;  Cl  11.37. 

b)  A  mixture  of  4.9  g  l,2,2-trimethyl-4-phenyl-4-piperidol  (m.  p.  116-117*),  15  ml  propionyl 
chloride,  15  ml  dry  benzene  and  0.3  g  magnesium  turnings  were  heated  with  vigorous  stirring  at  95*  for  10 
hours.  The  reaction  mass  was  then  treated  as  in  experiment  a).  3.8  g  of  the  product  of  dehydration  of 

1.2.2- trimethyl-4-phenyl-4-piperidol  was  obtained  in  the  form  of  a  colorless  mobile  liquid  with  b.  p. 

88-89*  (3  mm).n^  1.5545. 

Found  'y.,:  N  7.14,  7,13.  CJ4H19N.  Calculated  ojo  N  6.96. 

The  picrate  melted  at  130-  132*  (from  alcohol). 


Found  'y.:  N  12.74,  12.99.  C2oH2207N4-  Calculated  N  13.01. 

SUMMARY 

A  study  has  been  made  of  the  reaction  of  6.  6 -dimethyldivinyl  ketone  and  l-methoxy-5-methyl-4- 
hexene-3-one  with  primary  amines  and  it  has  been  shown  that,  depending  on  the  temperature,  the  reaction 
leads  to  the  formation  of  either  l-alkyl-2,2-dimethyl-4-piperidones  or  the  products  of  the  addition  of  the 
primary  amine  to  the  double  bond  (in  mild  conditions), 

l,2,2-Trimethyl-4-phenyl-4-piperidol  was  prepared  in  60%  yield  by  the  action  of  phenyllithium  on 

l,2,2-trimethyl-4-piperidone,  and  has  been  converted  into  its  acetic  and  propionic  esters.  The  latter  was 
tested  pharmacologically  and  found  to  show  a  high  pain-relieving  activity,  as  great  as  that  of  morphine  but 
only  half  that  of  promedol. 
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HETEROCYCLIC  COMPOUNDS 


51.  SYNTHETIC  PAIN-KILLING  SUBSTANCES 

XIV.  ESTERS  OF  1.2,5-TRIMETHYL-4-PHENYL-4-PIPERIDOL  WITH  FUNCTIONAL  GROUPS  ON  THE 
ACYL  RADICAL.  ANALOGS  OF  PROMEDOL  AND  ISOPROMEDOL.  I. 

I.  N.  Nazarov,  S.  M.  Makin  and  A.  F.  Grapov 

In  previous  papers  from  our  laboratory  we  communicated  on  the  synthesis  of  the  stereoisomeric  1, 2,5- 
trim  ethyl-4-phenyl- 4- piperidols,  which  were  converted  into  various  esters  by  esterification,  mainly  with  the 
simple  aliphatic  acids  (acetic,  propionic,  etc.)  [  1,  2],  It  was  shown-that  some  of  these  esters,  especially  the 
propionates,  show  high  pain-killing  efficacy,  exceeding  by  many  times  the  action  of  the  natural  alkaloid, 
morphine.  It  seemed  of  interest  to  also  obtain  the  esters  of  l,2,5-trimethyl-4-phenyl-4-piperidol  with  various 
functional  groups  on  the  acyl  radical  (the  alkoxyl,  alkyl  sulfide  and  amine  groups,  and  also  the  halides  and 
double  bonds),  and  to  establish  the  influence  of  these  groups  on  die  physiological  activity  of  the  obtained 
compounds.  The  acyl  radical  is  an  extremely  "sensitive"  spot  in  die  molecule  of  die  4-phenyl-4-piperidol 
esters.  Slight  changes  in  its  structure  lead  to  sharp  changes  in  the  physiological  activity.  It  is  known  that  the 
propionates  of  the  4-phenyl-4-piperidols  show  the  maximum  analgesic  activity.  A  shortening  of  the  propionyl 
radical  to  the  methylene  group,  i.e.,  the  esterification  of  4-phenyl-4-piperidols  with  acetic  acid,  leads  to  a 
sharp  reduction  in  the  pain-killing  activity  [2,  3].  A  lengthening  of  the  propionyl  radical,  i.e.,  the  esterifica¬ 
tion  of  4-phenyl-4-piperidols  with  such  acids  as  butyric,  valeric  and  caproic  acids,  also  leads  to  a  sharp  reduc¬ 
tion  in  the  pain-killing  activity  in  measure  with  lengthening  of  the  acyl  radical  [2,  3]. 

On  the  example  of  the  methoxy-and  ethoxyacetates  of  l,2,5-trimethyl-4-phenyl-4-piperidol  synthe¬ 
sized  by  us,  we  wanted  to  establish  the  influence  of  alkoxyl  groups  in  the  acetyl  radical  on  the  physiological 
(pain-killing)  activity  of  the  indicated  esters.  In  addition,  the  introduction  of  methoxy  and  ethoxy  groups 
lengthens  the  acetyl  radical,  i.e,,  up  to  a  certain  degree  it  imitates  in  its  magnitude  the  acyl  radical  of  the 
propionates  and  butyrates,  which  show  a  much  greater  pain-killing  activity  than  do  the  corresponding  acetates. 
Consequently,  a  testing  of  the  pain-killing  activity  of  these  compounds  will  answer  the  question  of  whether 
only  the  total  length  of  the  acyl  chain  is  important,  or  whether  it  must  necessarily  be  a  hydrocarbon  chain. 

The  esterification  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (I)  with  the  chlorides  of  the  corresponding 
acids  by  the  Spasov  method  [  4]  gave  (in  60- 75<7o  yields  the  methoxyacetate  (II)  and  ethoxyacetate  (III).  In 
bolh  of  these  cases,  as  well  as  for  all  of  die  subsequent  cases,  the  high-melting  y -isomer  of  1,2,5-trimethyl- 
4-phenyl-4-piperidol  (m.  p.  107-108*),  being  the  most  readily  available  [1],  was  taken  for  esterification. 

CeH^v^^OCOCHaOR  CoHs^^OH  CoHn^^^OCOCHoCHaOCeHs 
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(II)  R  =  CH3.  (Ill)  R  =  C,H, 
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In  a  similar  manner  the  esterification  of  l,2,.'i-tiitiiethyl-4-phenyl-4-plperldol  (I)  with  g-phenoxy- 
propionyl  chloride  gave  die  R-plieiioxypropionic  ester  (IV). 

It  was- also  of  Interest  to  obtain  die  4-plieiiyl-4-piperidol  esters  containing  sulfur  In  the  acyl  radical. 

In  dlls  connection  It  should  be  mentioned  tliat  die  sulfur  (sulfonic)  analogs  of  lidol  show  comparatively  high 
pain-kllling  activity  (equal  to  lidol)  and  very  low  toxicity  [b].  'Hie  action  of  die  corresponding  acid  chlorides 
on  benzene  solutions  of  1,2,  6-triinediyl“4-plienyl-4-piperidol  (I)  in  the  presence  of  metallic  magnesium 
gave  die  cthylmercaptoacetate  (V)  and  die  g-ethylmercaptopropionate  (VI).  The  8-ediylmerc.aptopropionate 
(VII)  was  also  obtained  in  a  similar  manner  by  the  esterification  of  l-isopropryl-2,  .'i-dlmethyl-4-phenyl-4- 
piperidol. 


C„Hr,^^OCOCH2SC,H,  CoHj^  ^  OCOCHaCH.SC  .H,  ^  ^.0C0(:H,CH.,SC2H., 
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The  phenylthioglycolic  ester  (VIII)  was  obtained  by  long  heating  of  the  piperidol  (I)  hydrochloride  with 
phenylthioglycoloyl  chloride  in  chloroform  solution.  'The  reaction  of  phenylthioglycoloyl  chloride  with  the 
free  piperidol  (I)  base  leads  to  very  pronounced  tarring  of  die  reaction  mass. 

The  heating  of  a  chloroform  solution  of  the  piperidol  (I)  hydrochloride  with  the  corresponding  acid 
chlorides  also  gave  the  chloroacetate  (IX),  bromoacetate  (X),  6  "chloropropionate  (XI)  and  B-bromopropionate 
(XU)i 


C„Hr,  OCOCH.SCnH-,  CnH.v  OCOCH2X 
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X  -  Hr  (X), 

X  =  Cl  (XI), 

X  ^  Br  (Xlf). 

It  should  be  mentioned  that  the  B-chloro-  andB  -bromo-propionates  are  obtained  much  more  easily  and 
In  better  yields  than  are  the  chloro-  and  bromoacetates  (the  total  yield  of  which  Is  only  10“15<7o).  Completely 
negative  results  are  obtained  when  other  methods  (for  example,  die  Spasov  method  of  esterifica¬ 
tion'  In  pyridine  medium)  are  used  to  prepare  these  esters. 

The  reaction  of  fl-chloropropionyl  chloride  widi  1,2,  6-trimethyl-4-phenyl-4-plperidol  (I)  under  the 
conditions  of  die  Spasov  reaction  gave,  instead  of  the  desired  6  “chloropropionate  (XI),  the  product  of  its 
dehydrochlorination,  namely  die  acrylate  of  1,  2,  r)-trimediyl-4-phenyl-4-piperidol  (XIII); 

/OCOCH-CH2 
CH,-  . 
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CH;, 
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The  acrylate  (XUI)  is  probably  obtained  during  the  distillation  of  the  S-chloropropionate  (XI)  obtained 
in  die  reaction  (batli  temperature  160-165*,  vacuum  0.2mm).  The  structure  of  the  acrylate  (XIII)  was  proved 
by  its  hydrogenation  to  the  known  propionate  (promedol).  Numerous  attempts  to  synthesize  the  acrylate  (XIII) 
by  the  direct  reaction  of  acryloyl  chloride  with  l,2,5-trimethyl-4-phenyl-4-piperidol  (I)  proved  unsuccessful, 
since  a  tarry  product,  incapable  of  being  vacuum -distilled,  was  obuined  in  all  cases. 

However,  the  methacrylate  (XIV)  is  obtained  in  very  good  yield  by  the  direct  reaction  of  methacryloyl 
chloride  with  l,2,5-trimethyl-4-phenyl-4-piperidol  (I),  both  under  the  conditions  of  the  Spasov  reaction  and 
by  the  simple  mixing  of  methacryloyl  chloride  widi  a  chloroform  solution  of  the  piperidol  (I).  Catalytic 
hydrogenation  of  the  methacrylate  (XIV)  gives  the  isobutyrate  (XV),  which  was  synthesized  earlier  In  our 
laboratory  by  the  reaction  of  isobutyryl  chloride  with  l,2,5-trimethyl-4-phenyl-4-piperidol  (I); 
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The  reaction  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (I)  with  the  chlorides  of  nicotinic  and  isonicodnic 
acids  in  chloroform  solution,  even  at  room  temperature,  easily  yields  the  nicotinic  (XVI)  and  isonicotinic 
(XVII)  esters: 
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(XVII) 

These  esters  are  of  interest  for  reasons  other  than  their  manifested  pain-killing  and  anesthetic  properties. 
As  is  known,  some  nicotinic  acid  derivatives  show  vitaminic  activity  (vitamin  PP),  and  also  the  ability  to 
exert  a  stimulant  action  on  the  central  nervous  system  and  to  lower  the  blood  pressure.  Among  the  isonico¬ 
tinic  acid  derivatives  are  found  interesting  antituberculous  compounds  [6].  A  series  of  different  acids  and  dieir 
chlorides  were  needed  for  the  synthesis  of  the  above  described  esters. 

All  of  the  acetic  acid  derivatives  were  synthesized  from  chloroacetic  acid  by  the  following  scheme: 


CICHaCOOH 


ROCH2COOH 


R'SCHzCOOH 


R  =  CHj;  C,H 


R'rrCjH  :  C,H  . 
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The  methoxyacetic  [7],  ethoxyacetic  [8],  ethyl tliioglycolic  [9]  and  phenylthioglycollc  [10]  acids  were 
obtained  in  diis  manner.  The  8-phenoxy-  and  0«etliylmercaptopropionic  acids  were  obtained  from  acrylo¬ 
nitrile  in  the  following  manner:  . 


CH2-=CH-CN 


.•5/, 


CuHsOCHaCH^CN 


Ui] 


CuHnOCHgCHsCOOH 


112) 

C2H.^SCH2CH2CN  — ►  CzHnSCH^CH^COOH. 


The®  -chloro-and  B-bromopropionic  acids  were  synthesized  by  heating  acrylonitiile  with  a  3-fold  (on 
a  molar  basis)  amount  of  concentrated  hydrochloric  or  hydrobromic  acid,  without  isolation  of  the®  -halo- 
propionitriles  from  the  reaction  mass: 


CHa-CH-CN 


[CICH2CH2CN] 


(BrCHaCHgCNJ 


CICH2CH2COOH 


BrCHaCHzCOOH. 


The  chlorides  of  methoxyacetic,  ethoxyacetic,  bromoacetic,  acrylic  and  methacrylic  acids  were 
obtained  by  heating  these  acids  with  benzoyl  chloride  [13]  in  accord  with  the  scheme: 


RCOOH-t-CoHgCOCl  — »>  RCOCI -+- C0H5COOH. 


The  chlorides  of  g-phenoxypropionic,  6-ethylmercaptopropionic,  ethylthioglycolic,  8-chloropropionlc, 
6-bromopropionic,  phenylthioglycollc,  nicotinic  [14]  and  isonicotinic  [14]  acids  were  obtained  by  reacting 
the  respective  acids  with  thionyl  chloride. 

Pharmacological  Test  Results 


The  l,2,5-lrimethyl-4-phenyl-4-piperidol  esters  containing  halogen,  alkoxy  and  alkyl  sulfide  groups 
in  the  acyl  radical  were  practically  devoid  of  morphinelike  activity.  The  acrylate  (XIII)  and  methacrylate 
(XlV)  showed  high  pain-killing  activity,  close  to  the  activity  of  morphine.  However,  both  of  these  esters  are 
lest  active  than  promedol  (l,2,5-trimethyl-4-phenyl-4-plperidol  propionate):  the  acrylate  shows  V*  .  and 
the  methacrylate  1/j  the  pain-killing  activity  shown  by  promedol.  The  l,2,5-trimethyl-4-phenyl-4-piper- 
idol  5-phenoxypropionate  (IV)  proved  to  be  a  very  interesting  compound,  showing  extremely  high  anesthetic 
activity,  equal  to  that  of  dicaine,  with  considerably  lower  toxicity.  The  anesthetic  activity  shown  by  l<5i>of 
the  B-chloropropionate  (XI)  is  approximately  twice  tlie  activity  shown  by  novocaine. 

All  of  the  compounds  were  tested  as  the  hydrochlorides.  The  pharmacological  testing  was  done  in  the 
Pharmacological  Laboratory  of  the  S.  Ordzhonikidze  All-Union  Scientific -Research  Chemical- Pharmaceutical 
Institute  under  the  supervision  of  Prof.  M.  D.  Mashkovsky. 
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EXPERIMENTAL 


0  -Chloropropionic  Acid.  Into  a  three-necked  flask,  fitted  witii  mechanical  stirrer  and  reflux  condenser, 
was  charged  53  g  of  acrylonitriie  and  300  ml  of  concentrated  hydrochloric  acid.  The  reaction  mixture  was 
stirred  at  90-100*  for  4  hours.  After  cooling,  the  formed  ammonium  chloride  was  filtered,  and  the  filtrate  was 
evaporated  in  vacuo.  The  second  crop  of  ammonium  chloride  was  filtered,  the  product  extracted  with  ether, 
dried  over  anhydrous  sodium  sulfate,  and  vacuum -distilled.  We  obtained  55  g  of  fl- chloropropionic  acid  with 
b,p,  92-93*  (9  mm),  which  crystallized  in  the  receiver. 

The  B-bromopropionic  acid  was  obtained  in  a  similar  manner, 

B-Ethylmercaptopropionic  Acid.  In  a  three-necked  flask,  fitted  with  mechanical  stirrer,  reflux 
condenser  and  thermometer,  was  placed  84  g  of  fl-ethylmercaptopropionitrlle  with  b.p.  108-110*  (19  mm)  and 
140  g  of  concentrated  hydrochloric  acid.  The  mixture  was  vigorously  stirred  at  80*  for  3.5  hours,  and  then 
for  40  minutes  at  100*.  The  formed  ammonium  chloride  was  filtered,  the  solution  extracted  with  ether,  and 
the  ether  extract  dried  over  calcium  chloride.  Vacuum -distiliation  of  the  product  gave  82  g  (84  <yo)of 
S-ethylmercaptopropionic  acid  with  b.p,  97-100’  (2  mm),  which  crystallized  in  the  receiver  as  long  needles 
with  m,  p,  28-30*. 

Found  <7o:  C  44.62,  44.65;  H  7.51,  7,24;  S  23.25,  23.27.  C5H10O2S,  Calculated  %:  C  44,75;  H  7.51; 

S  23.89. 


fl -Phenoxypropionic  acid  was  obtained  from  fl-phenoxyproprionitrile  in  a  similar  manner  (in  95%  yield), 

fl-Ethylmercaptopropionyl  Chloride,  In  a  round-bottomed  flask,  fitted  with  reflux  condenser  and  calcium 
chloride  tube,  was  placed  53.4  g  of  fl-ethylmercaptopropionic  acid  with  b.  p.  100-103*  (2.5  mm)  and  47.6  g 
of  thionyl  chloride.  The  mixture  was  kept  at  room  temperature  for  5  hours,  and  then  it  was  heated  at  40*  for 
1.5  hours.  Vafcuum-distillation  of  the  product  gave  58,6  g  (96%)  of  fl-ethylmercaptopropionyl  chloride  with 
b,  p,  80-81’  (11  mm). 

Found  %:  C  39.30,  39.47;  H  5.77,  5.92.  C5H9OSCI,  Calculated  %:  C  39,35;  H  5.94. 


Using  a  1  Vz'^-fold  amount  of  thionyl  chloride,  the  chlorides  of  the  following  acids  were  obtained  in 
a  similar  manner  in  high  yields:  0-chloropropionic  acid  with  b.  p.  .72-75*  (63  mm),  fl-bromopropionic  acid 
with  b.  p.  110-112*  (190  mni),  S-phenoxypropionic  acid  with  b.  p.  98*  (2  mm),  and  phenylthioglycolic  acid 
with  b.  p,  120-123*  (12  mm), 

Methoxyacetyl  Chloride,  A  mixture  of  29  g  of  methoxyacetic  acid  with  b.  p.  103-104*  (17  mm)  and 
64  ml  of  benzoyl  chloride  was  heated  in  a  Favorsky  flask.  The  fraction  boiling  up  to  132*  was  slowly  dis¬ 
tilled  from  the  mixture,  and  tiien  redistilled  (in  the  presence  of  1.5  ml  of  dimetliylaniline).  The  yield  of 
methoxyacetyl  chloride  with  b.  p.  109-112*  (748  mm),  was  24,7  g  (70.5%), 

Found  %:  C  32.56,  32.76;  H  4.71,  5,26.  C3H5O2CI.  Calculated  %;  C  33.21;  H  4.61. 


The  chlorides  of  the  following  acids  were  obtained  in  good  yields  by  tliis  method:  ethoxyacetic 
(b.  p.  125-129*),  bromoacetic  (b,  p.  115-117*),  acrylic  (b.p,  74-77  *)  and  methacrylic  acids  (b.p.  98-100*) 

l,2,5-Trimethyl-4-phenyl-4-piperidol  Methoxyacetate  (II).  A  mixture  of  6  g  of  l,2,5-trimethyl-4- 
phenyl-4-piperidol  (b.  p.  107-108*),  7  ml  of  methoxyacetyl  chloride  (b.  p.  109-112*),  7.5  ml  of  dry  benzene 
and  0,3  g  of  magnesium  turnings  was  stirred  for  3.5  hours  at  80-90*.  After  cooling,  the  resulting  crystalline 
precipitate  was  filtered,  washed  with  etlier,  dissolved  in  30  ml  of  water,  and  treated  with  potash.  The 
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floating  oil  was  repeatedly  extracted  witli  ctlicr  and  dried  over  fused  sodium  sulfate.  Vacuum-distillaiiou  of 
the  product  gave  G  g  )  of  l,2,r)-trimetliyl-4-pheuyl-4-piperidol  metlioxyacetate  (II)  as  a  colorless 

liquid  witli  b,  p.  138-140'(1  mm). 

Found  '’/o!  N  5.04,  5.01.  CJ7II25O3N.  Calculated  N  4.80. 


The  hydrochloride  of  this  ester  was  obtained  by  saturating  an  ether  solution  of  tlie  free  base  witii  dry 
hydrogen  chloride.  M.  p.  211-212*  (from  alcohol-acetone  mixture). 

Found  ‘7oe  N  4.18,  4.27;  Cl  10.98,  11.00.  CuHajCjNCl.  Calculated  %:  N.  4.27;  Cl  10.82. 


1.2.5- Trlmethyl-4-phenyl-4-piperidol  Ethoxyacetate  (III).  A  mixture  of  8  g  of  l,2,5-trimetliyl-4- 
phenyl-4-piperidol,  13  ml  of  etlioxyacetyl  chloride  (b.  p.  125-129*),  10  ml  of  dry  benzene  and  0.3  g  of 
magnesium  was  heated  for  10.5  hours  at  95-100*.  Then  the  reaction  mass  was  worked  up  the  same  as  in  the 
previous  experiment.  Distillation  of  tlie  product  gave  1.3  g  of  starting  piperidol  with  b.  p.  113-120*  (0.2  mm), 
which  crystallized  in  the  receiver,  and  6,1  g  of  l,2,5-trimethyl-4-phenyl-4-piperldol  ethoxyacetate  (III)  as 

a  noncrystallizing  oil  with  b.  p.  120-122*  (0.2  mm). 

The  hydrochloride  of  the  etiioxyacetate  (III)  was  obtained  in  the  usual  manner.  After  two  recrystalliza¬ 
tions  from  a  mixture  of  acetone  and  alcohol  it  melted  at  192-193*. 

Found  Vo:  N.  4.22,  4.34,  CuHjPjNCl.  Calculated  N  4.10. 

1.2.5- Trimethvl-4-phenvl-4-piperidol  fl -Phenoxypropionate  (IV),  A  mixture  of  11  g  of  1,2,5- 
trimethyl-4-phenyl-4-piperidol,  15  ml  of  dry  benzene,  25  g  of  6 -phenoxypropionyl  chloride  with  b,  p. 

96-98*  (2  mm)  and  0.3  g  of  magnesium  turnings  was  stirred  at  100-102*  for  10  hours.  Then  the  reaction  mass 
was  treated  with  35  ml  of  water,  and  tlie  mixture  worked  up  the  same  as  in  the  previous  experiments.  Vacuum 
distillation  of  the  reaction  product  gave  the  following  fractions:  1st,  90-120*  (2  mm),  1.8  g;  2nd,  120-128’ 

(1  mm).  3.5  g;  3rd,  182-185*  (0.5  mm).  7.3  g;  undistilled  residue  1.2  g.  The  third  fraction  is  1,2,5-trimcthyl 
4- phenyl -4- piperidol  g-phenoxypropionate  (IV). 


Found  Vo:  N  4,28,  4.29.  CjaHjjOjN.  Calculated  N  3.81. 

The  hydrochloride  of  the  fl -phenoxypropionate  (IV)  was  obtained  in  the  usual  manner  and  melted  at 
181-182.5*  (from  acetone). 

Found  Vo;N  3.53,  3.52.  C23H30O3NCI.  Calculated  Vo:  N  3.46. 


The  mixture  of  the  8  -phenoxypropionate  (IV)  hydrochloride  with  tlie  hydrochloride  of  the  starting  1 

alcohol  (m.  p.  157-159’)  melted  at  126-131*. 

l,2,5-Trimethyl-4-phenyl-4-piperidol  Ethylmercaptoacetate  (V).  A  mixture  of  10  g  of  1,2,5- 
trimethyl-4-phenyl-4-piperidol,  15.9  g  of  ethylmercaptoacetyl  chloride  with  b.  p.  53-55’  (8  mm),  0.3  g  of 
magnesium  turnings  and  11  ml  of  dry  benzene  was  heated  for  9  hours  at  85-98*.  After  cooling,  the  benzene 
was  vacuum -distilled,  and  the  residue  was  dissolved  in  water  and  treated  with  soda  to  isolate  the  free  base. 

We  obtained  1.9  g  of  starting  piperidol  with  b.  p.  113-120*  (1  mm)  and  3.05  g  of  l,2,5-trimethyl-4-phenyl' 

4-piperidol  etliylmercaptoacetate  (V)  as  a  yellowisli  oil  with  b.  p.  149-151*  (1  mm). 


120 


■t 


Found  ojo  :  N  4.29,  4.52.  CuHjANS.  Calculated  %  :  N  4.35. 


Tlie  hydrochloride  of  the  ethylniercaptoacetate  (V)  after  recrystallization  from  acetone  was  obtained 
as  white  needles  with  m.p.  178-179”. 

Found  %  I  C  59.90,  60.13;  H  7.77,  7.84.  CuHaOjNClS.  Caclculated  <7o  ;  C  60.40;  H  7.70. 


l,2,5-Trimethyl-4-phenyl-4-piperidol  ft-Ethylmercaptopropionate  (VI).  A  mixture  of  10.9  g  of  1,  2,5- 
trim  ethyl-4-phenyl-4-piperidol,  l5  ml  of  dry  benzene,  0.3  g  of  magnesium  turnings  and  19  g  of  B-ethyl- 
mercaptopropionyl  chloride  with  b.  p.  80-81*  (11  mm)  was  stirred  at  80-90*  for  7  hours,  and  *en  worked  up 
the  same  as  in  the  preceding  experiments.  Distillation  of  the  product  gave  a  fraction  with  b.  p.  175-178* 

(2  mm),  which  was  l,2,5-trimethyl-4-phenyl-4-piperidol  fl -ethylmercaptopropionate  (VI).  Yield  4.3  g. 

Found  °}o  ;  N  4.03,  4.16.  C19H29O2NS.  Calculated  :  N  4.17. 


The  hydrochloride  was  obtained  as  coarse  colorless  crystals,  after  two  recrystallizations  from  dry  acetone 
melting  at  171-172". 

Found  °}o  ;  C  61.37,  61.40;  H  8.02,  8.12;  S  8.26,  8.30.  CmHsoOjNCIS.  Calculated  <7o  :  C  61,35; 

H  8.13;  S  8.62. 

l-lsopropyl-2,5-dimethyl-4-phenyl-4-piperidol  8 -Ethyl-mercaptopropionate  (VH).  In  a  three-necked 
flask,  fitted  witli  mechanical  stirrer,  reflux  condenser  and  thermometer,  was  mixed  8.2  g  of  l-isopropyl-2,5- 
dimethyl-4-phenyl-4-piperidol,  10  ml  of  dry  benzene,  12.7  g  of  8 -ethylmercaptopropionyl  chloride  with  b.  p. 
80-81*  (11  mm)  and  0,2  g  of  magnesium  turnings.  The  reaction  mass  was  heated  at  93-95*  for  6  hours  and  then 
worked  up  in  the  usual  manner.  Distillation  of  the  substance  gave  a  fraction  with  b.  p.  179-181*  (0.5  mm), 
being  l-isopropyl-2,5-dimethyl-4-phenyl-4-piperidol  8 -ethylmercaptopropionate  (VII),  Yield  3.8  g. 

Found  <7o;  N  4.10,  4.21.  C21H33O2NS.  Calculated  e/o:  N  3.85, 


The  hydrochloride  was  obtained  as  coarse  crystals  with  m,  p.  160-161.5*  (from  acetone). 

Found  <7o;N  3,34,  3.33.  C21H34O2NCIS.  Calculated  N  3.50. 

l,2,5-Trimethyl-4-phenyl-4-piperidol  Phenyl thioglycolate  (Vni),  A  mixture  of  6  g  of  l,2,5-trimethyl-4- 
phenyl-4-piperidol  hydrochloride,  5  g  of  phenylthioglycoloyl  chloride  with  b.  p.  121-123*  (12  mm)  and  4.5  ml 
of  chloroform  was  heated  at  120-140*  for  14  hours.  To  the  mixture  after  cooling  was  added  2  ml  of  ether;  the 
resulting  crystals  were  filtered,  washed  with  ether,  and  after  repeated  recrystallizadon  from  acetone  we 
obtained  0,5  g  of  l,2,5-trimethyl-4-phenyl-4-piperidol  phenylthioglycolate  (Vni)  hydrochloride  as  colorless 
crystals  with  m.  p,  166-167*. 

Found  N  3.57,  3.38.  C22H28O2NCIS.  Calculated  N  3.45. 

All  of  the  mother  liquors  were  combined,  evaporated,  washed  well  with  ether,  dissolved  in  water,  treated 
with  potash,  and  extracted  with  ether.  The  ether  extract  was  dried  over  anhydrous  sodium  sulfate  and  then 


121 


vacuuiii-disUlled.  We  obtained  1.7  g  of  l,2,5-triinethyl-4-pheiiyl-4-piperidol  plieaylthioglycolate  as  a 
viscous  oily  liquid  witli  b.  p.  180 -ISb"  (l.ft  nmi). 

Found  N  3.2G,  3.:i0.C22ll27(l2NS.  Calculated  N  3.79, 

1.2.5- Trimethyl-4-pheuyl-4-piperidol  Chloroacetat  (IX).  A  mixture  of  2  g  of  l,2,b-trimetliyl-4- 
phenyl-4-piperidol  hydrochloride,  3ml  of  chloroacetyl  chloride  and  3  ml  of  chloroform  was  heated  at  80*  for 
17  hours.  After  removal  of  the  chloroform  and  excess  chloroacetyl  chloride  by  vacuum -distillation  the 
mixture  was  treated  with  2  ml  of  ether.  The  resulting  crystals  were  filtered,  washed  with  acetone,  and  re¬ 
crystallized  from  alcohol.  We  obtained  0.4  g  of  tlie  chloroacetate  (IX ) hydrochloride  with  ni.  p,  214-215*. 

Found  N  4.29,  4.35.  CigHjaOjNC  Ij.  Calculated  '’/o:  N  4,12. 

1.2.5- Trimethyl-4-phenyl-4-piperidol  Bromoacetate  (X).  A  mixture  of  6  g  of  l,2,5-trimethyl-4-phenyl 
4-piperidol  hydrochloride,  4  g  of  bromoacetyl  chloride  (b.  p,  131-133*)  and  4  ml  of  chloroform  was  heated 
for  14  hours  at  120-140*.  After  removal  of  the  chloroform  and  excess  bromoacetyl  chloride  by  vacuum - 
distillation  the  residue  was  treated  with  10  ml  of  acetone.  The  resulting  crystals  were  filtered,  washed  with 
acetone  and  recrystallized  from  alcohol.  The  yield  of  the  bromoacetate  (X)  hydrochloride  with  m.  p. 

201.5-202*  was  0.3  g. 


Found  N  3.74,  3.79,  CigHjjOjNClBr.  Calculated  ‘’]oi  N  3.72. 

l,2,5-Trimethyl-4-phenyl-4-piperidol  B -Bromopropionate  (XII).  A  mixture  of  8  g  of  1,2,5-trimethyl- 
4-phenyl-4-piperidol  hydrocliloride,  7  g  of  B -bromopropionyl  chloride  with  b.  p,  106-110*  (170  mm)  and 
5,5  ml  of  chloroform  was  heated  for  17  hours  at  100-120*.  After  cooling  the  resulting  crystals  were  filtered, 
washed  witli  etlier,  and  vacuum-dried.  We  obtained  3.8  g  of  B -bromopropionate  (XII)  with  m.  p.  163-167*. 
Repeated  recrystallization  from  alcohol  gave  3.2  g  of  product  with  m.  p.  169.5-170". 

Found'yo!  N  3.87,  3.63;  Cl  9.29.8.94.  Cj^asOaNClBr.  Calculated  N  3.57;  Cl  9.07. 

l,2,5-Trimethyl-4-phenyl-4-piperidol  6 -Chloropropionate  (XI).  A  mixture  of  8  g  of  1,2,5-trimethyl- 
4-phenyl-4-piperidol  hydrochloride,  5  ml  of  chloroform  and  8  ml  of  6 -chloropropionyl  chloride  with  b.  p.  63* 

(42  mm)  was  heated  for  15  hours  at  90".  Several  drops  of  dry  ether  were  added  after  cooling,  and  the  obtained 
crystals  were  filtered.  Two  recrystallizations  from  an  acetone-alcohol  mixture  gave  5.3  g  of  the  B -chloro¬ 
propionate  (XI)  hydrochloride  with  m.  p,  178-179". 

Found  N4.26,  4.02;  C  58.88,  58,46;  H  7.27,  7.20.  C17H25O2NCI2.  Calculated  N  4.04;  C  58.96; 

H  7.28. 

l,2,5-Trimethyl-4-phenyl-4-piperidol  Acrylate  (Xni).  To  a  mixture  of  8  g  of  l,2,5-trimethyl-4-phenyl-4- 
piperidol,  10  ml  of  dry  benzene  and  0.3  g  of  magnesium  turnings  was  added  in  0.5  hour,  in  drops  and  with 
constant  stirring,  17  g  of  6 -chloropropionyl  chloride  with  b.  p.  58*  (30  mm).  Then  the  reaction  mixture  was 
stirred  for  5  hours  at  95",  25  ml  of  water  was  added,  the  water  solution  was  repeatedly  washed  witli  ether, 
treated  with  soda,  the  floating  oil  thoroughly  extracted  with  ether  and  chloroform,  dried  over  sodium  sulfate, 
and  vacuum -distilled.  We  obtained  tlie  fractions;  1st,  b.  p.  90-128"  (Imm)^!.!  g;  2nd,  b.  p,  128-130* 

(0.2  mm)  2.4  g_  and  3  g  of  nondistillable  residue. 

The  2nd  fraction  was  an  oily  liquid,  failing  to  crystallize  on  standing,  free  of  halogen^  it  was  the 
acrylate  (XIII). 

Found  N  5.15,  5.17,  CitIIzsOzN.  Calculated  N  5.12. 
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The  hydrochloride  of  the  acrylate  (XIII)  was  obtained  in  the  usual  manner,  and  after  two  recrystalllza> 
tions  from  acetone  melted  at  215-216*. 

Found  '’/i:  N  4.40,  4.17.  €1711340, NCI.  Calculated  N  4,52. 

Hydrogenation  of  the  hydrochloride  in  alcohol  using  Pd  catalyst  gave  the  hydrochloride  of  1,2,6-trl- 
methyl-4-phenyl-4-piperidol  propionate,  melting  at  first  at  199-200*,  and  then  at  221-222*  when  melted  a 
second  time,  and  not  showing  a  melting  point  depression  with  the  authentic  specimen  [2]. 

1.2,6-Trimfcthyl-4-phenyl-4-piperidol  Methacrylate  (XIV.)  a)  A  mixture  of  10.9  g  of  1,2,5-trimethyl- 
4-phenyl-4-piperidol,  10  ml  of  dry  benzene,  13  g  of  methacrj^yl  chloride  (b.  p.  95-98*)  andOJ)  g  of  fine 
magnesium  turnings  was  stirred  at  the  boll  for  10  hours.  The  excess  chloride  and  the  benzene  were  vacuum- 
distilled,  the  residue  was  dissolved  in  20  ml  of  water,  thoroughly  washed  with  ether,  treated  with  soda,  the 
floating  oil  extracted  with  etlier,  dried  over  anhydrous  sodium  sulfate,  and  vacuum -distilled.  We  obtained 
10.5  g  of  l,2,5-trimetliyl-4-phenyl-4-piperidol  methacrylate  as  a  colorless  viscous  liquid  with  b.  p.  120-122* 
(0.2  mm). 

Found  <7o!N4.96,  5.00.  CigHyO,N.  Calculated  «]o-.  N  4.87. 

The  hydrochloride  of  the  methacrylate  (XIV),  after  several  recrystallizations  from  acetone,  melted  at 
23 1 -  23:fr 

Found  <7o:  N  4.12,  4.27;  Cl  10,60,  11.18.  CuHjgOjNCl.  Calculated  N  4.32;  Cl  19.95. 

b)  To  a  solution  of  1  g  of  l,2,5-trimetliyl-4-phenyl-4-piperidol  in  1.5  ml  of  dry  chloroform  was  added, 
in  drops, 1.5  ml  of  metliyacryloyl  chloride.  The  mixture  was  let  stand  for  a  day.  The  product  crystallized 
when  several  drops  of  ether  were  added.  We  obtained  0.85  g  of  the  methacrylate  (XIV)  hydrochloride  with 
m.  p.  231-232*,  not  showing  a  melting  point  depression  with  the  preceding  specimen. 

1.2.5- Trlmethyl-4-phenyl-4-piperidol  Isobutyrate  (XV).  A  solution  of  4.5  g  of  l,2,5-trimeihyl-4- 
phenyl-4-piperidol  methacrylate  (XIV)  with  b.  p.  120-122*  (0.2  mm)  in  20  ml  of  anhydrous  ethyl  alcohol  was 
hydrogenated  in  tlie  presence  of  skeletal  nickel  catalyst.  The  theoretical  amount  of  hydrogen  was  absorbed  in 
15  hours.  The  catalyst  was  filtered,  the  alcohol  evaporated  in  vacuo,  while  the  residue  was  dissolved  In  100 
ml  of  absolute  ether  and  saturated  wltli  dry  hydrogen  chloride.  The  resulting  Isobutyrate  (XV)  hydrochloride 
precipitate,  after  three  recrystallizations  from  acetone,  melted  at  207-208*,  and  did  not  give  a  m.  p, 
depression  with  the  earlier  described  specimen  [2]  .  Yield  4  g. 

Found  <7o:  N  4,34,  4.64.  CigH^OaNCl.  Calculated  «7o!  N  4.30. 

1.2.5- Trimethyl-4-plicnyl-4-piperidol  Nicotinate  (XVI).  To  7  g  of  l,2,5-trimethyl-4-phenyl-4- 
plperidol  in  7  ml  of  dry  chloroform  was  added  in  small  portions  5.2  g  of  nlcotlnoyl  chloride  with  b,  p.  87-88* 

(11  mm).  Self-heating  of  the  mixture  to  50-55*  was  observed.  The  reaction  mixture  was  let  stand  for  a  day. 
The  crystalline  nicotinate  (XVI)  monohydrochloride  was  filtered,  waslied  with  ether,  and  after  two  recrystalliza- 
tiohs  from  acetone  melted  at  193-195*. 

Found  N  7.43,  7.44.  C20H25O2N2CI.  Calculated  <7o;  N  7.76. 

A  solution  of  2.2  g  of  the  nicotinate  (XVI)  monohydrochloride  in  water  was  treated  with  ammonia,  and 
the  product  was  extracted  with  etlier.  After  removal  of  the  ether  by  evaporation  the  crystalline  residue  was 
recrystallized  twice  from  isooctane  to  give  1.5  g  of  pure  nicotinate  (XVI)  with  m.  p.  106-107.5*. 

Found  <7o:  N  8.80,  8.40.  C2on2402N2.  Calculated  N  8,63. 

The  mixture  of  this  substance  witli  the  starting  piperidol  (I)  melted  at  72-78*. 
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1.2.5-Trlmethyl"4-phenyl-4-plperidol  Isonlcotlnate  (XVII).  To  a  solution  of  8  g  of  l,2,5-trlmethyl-4- 
phenyl-4-piperidol  in  7  ml  of  chloroform  was  added  5.5  g  of  ik>nlcotinoyl  chloride,  and  the  mixture  was  let 
lund  for  a  day.  The  product  was  dissolved  in  water,  washed  with  ether,  treated  with  soda,  the  floating  oil 
extracted  with  ether,  and  the  etlier  extract  dried  over  anhydrous  poush.  The  product  crystalUzcd  when  the 
ether  was  distilled  off.  Several  recrystallizations  from  benzine  with  the  use  of  activated  carbon  gave  1.75  g 
of  l,2,5-trimethyl-4-phenyl-4-plperidol  isonicotinate  (XVII)  with  m.  p.  134-135*. 

Found  N  8.58,  8,39.  CtoHje40,N,.  Calculated  <7o:  N  8.64, 

SUMMARY 

A  number  of  l,2,5-trimethyl-4-phenyl-4-piperidol  esters  were  synthesized,  contaihing  In  the  acyl 
radical  (acetyl,  propionyl)  the  alkoxyl,  phenoxyl  and  alkyl  sulfide  groups,  and  also  the  halides,  nitrogen  and 
double  bonds.  It  was  shown  that  the  introduction  of  the  indicated  groups  in  the  acyl  radical  of  the  acetates 
and  propionates  of  l,2,5-trimetliyl-4-phenyl-4-piperidol  sharply  reduces  or  completely  destroys  the  analgesic 
activity  of  these  compounds. 

Of  the  described  esters  only  the  acrylate  (XII)  and  methacrylate  (XIV)  show  substantial  pain-killing 
action,  equal  to  35-50^o  of  die  activity  shown  by  promedol,  while  all  of  die  other  esters  are  practically  devoid 
of  morphinelike  activity.  Of  all  of  the  studied  esters  of  the  4-phenyl-4-  piperidols  the  greatest  analgesic 
activity  is  shown  by  the  propionates. 
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FURAN  COMPOUNDS 


VII.  TWO-STAGE  HYDROGENATION  OF  FURFURYUDENE  KETONES 
Z.  V.  Til,  I,  Markushina,  K,  Sapunar  and  A.  A.  Ponomarev 


The  catalytic  hydrogenation  of  furan  compounds  is  the  subject  of  numerous  studies  [1,  2].  A  study 
of  these  reactions,  proceeding,  depending  on  the  conditions,  with  the  formation  of  a  wide  gamut  of  various 
hydrogenation  products,  is  not  only  of  preparative,  but  also  of  great  theoretical  interest  [3,  4]. 

Many  of  the  tetrahydrofuran  and  aliphatic  substances,  formed  In  the  hydrogenation  of  even  the  simplest 
furan  compounds,  have  found  practical  use  as  such  and  also  as  intermediates.  Extremely  intriguing  as  starting 
materials  for  such  syntheses  are  the  furfurylidene  ketones  of  type 


'I  CH=CR-COR'. 

representing  readily  available  derivatives  of  furfural. 

Most  of  the  studies  published  in  the  literature  on  the  hydrogenation  of  unsaturated  furan  ketones  are 
associated  with  the  use  of  the  platinum  group  of  catalysts  [5—8];  the  commercial  catalysts,  like  tlie  copper- 
chromium  (CuCrjO^and  nickel  catalysts,  have  found  relatively  little  use  [9—14],  However,  even  these 
studies  have  shown  it  possible  to  achieve  a  two-stage  hydrogenation  of  furan  aldehydes  and  ketones  widi 
die  aid  of  CuCr204and  of  nickel  on  kieselguhr  (Nik)#  since  in  the  presence  of  CuCrj04  in  certain  temperature 
limits  the  furan  ring  is  not  touched. 

Earlier  [15]  one  of  us  had  described  the  synthesis  of  the  corresponding  furan  and  tetrahydrofuran 
alcohols,  2-methyl- 1,6-dioxaspiro  (4,4)  nonane  and  2,7-dimethyl-l,6-dioxaspiro  (4,4)  nonane  as  the  result  of 
the  two-stage  reduction  (using  CuCr204and  Nij^)  of  3-(2*-methyl-5'-furyl)-2-propenal  and  4-(2’-methyl-5*- 
furyl)-3-buten-2-one.  In  the  same  paper  we  discussed  the, problem  of  the  structure  of  spirans  of  this  type  and 
the  mechanism  for  their  formation  from  furfurylidene  ketones  and  y-furylalkanols.  Up  to  then  the  formation 
of  similar  spirans  was  established  by  various  authors  only  in  the  hydrogenation  of  furylacrolein,  furfurylidene- 
acetone,  difurfurylideneacetone  and  of  the  furan  alcohols  corresponding  to  them  [9-11,  13,  16], 

In  this  paper  we  communicate  on  the  results  obtained  in  the  two -stage  hydrogenation  of  a  number  of 
furfurylidene  ketones,  synthesized  in  60-86  %  yield  by  the  condensation  of  furfural  with  the  corresponding 
ketones,  and  specifically:  furfurylidenemethyl  ethyl  ketone  (I),  furfurylidenem ethyl  propyl  ketone  (II), 
furfurylidenemethyl  butyl  ketone  (III),  furfurylidenemethyl  amyl  ketone  (IV),  furfurylidenemethyl  isohexyl 
ketone  (V),  furfurylideneacetophenone  (VI),  furfurylidenepropiophenone  (VII),  and  furfurylidenebenzylidene- 
acetone  (VIII). 

Ketone  (V)  is  new,  while  the  other  ketones  have  already  been  mentioned  in  the  literature  [17-20]. 

The  hydrogenation  of  the  indicated  ketones  in  either  anhydrous  alcohol  or  dioxane  (VI,  VII)  solution  in 
the  presence  of  CuCr204at  120"  and  an  initial  hydrogen  pressure  of  90-150  atm.  gave  the  corresponding  furan 
alcohols  (IX-XVl)  in  60-78%  yield;  the  latter  under  the  same  conditions  with  Nij^  are  converted,  in  up  to  75% 
yield,  into  the  tetrahydrofuran  alcohols  (XVIl-XXIV),  In  all  cases  (except  VIII)  it  proved  possible  to  isolate  in 
from  3,5  to  13%  yield  the  corresponding  1,6-dioxaspiro  (4,4)  nonane  honiologs  (XXVII-XXXIII),  formed  as 
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by-products  in  die  last  stage  of  the  reaction,  which  can  be  explained  by  tlie  following  scheme: 


CR-CO-R' 


H, 


(CiiCrjO.) 


H,|(N!  Jr) 
1  ' 


CH,,-CHR-CH{OH)R' 


I  I/O— fR' 

— Lr 


R=alkyl  or  H,  R*  =alkyl  or  aryl. 

Data  on  the  more  important  physical  constants  and  analyses  of  all  of  the  products  obtained  by  the 
indicated  procedure  are  given  in  Tables  1  and  2.  •  For  comparison  the  literature  data  on  1,6-dioxaspiro 
(4,4)  nonane  and  iu  2- methyl  homolog  are  also  included  in  Table  2. 

A  regular  change  in  the  properties  of  the  substances  is  observed  in  the  respective  homologous  series.  As 
can  be  seen,  some  depression  of  the  molecular  refraction  is  characteristic  for  the  furan  alcohols,  which  had 
already  been  mentioned  earlier  [20).  Optically,  the  homologs  of  1,6-dioxaspirononane  are  normal.  The  furan 
and  tetrahydrofuran  secondary  alcohols  are  liquids  with  a  weak  odor;  the  spirans  are  more  mobile  liquids  than 
the  alcohols,  and  have  a  specific  terpene  odor. 

Simultaneously  with  hydrogenation  of  the  furan  ring,  tliere  occurs  elimination  of  the  carbonyl  oxygen 
when  (VI)  and  (VII)  are  hydrogenated  under  pressure  in  dioxane  as  the  solvent,  in  the  presence  of  Raney  Ni 
catalyst  (135-140’).  The  yield  of  (XXV)  was  70  7'>i  ^nd  that  of  (XXVI)  was  42"/^  Apparently,  such  a  hydro¬ 
genation  course  is  characteristic  for  ketones  of  the  type  of  furfurylideneacetophenone;  the  formation  from  the 
latter  of  l-(  a-tetrahydrofuryl)-3-phenylpropane  yield)  was  already  described  earlier  [13],  but  under 
other  hydrogenation  conditions  (Ni]^).  The  l-(  a-tetrahydrofuryl)-3-phenylpropane  obtained  by  us  is  character¬ 
ized  by  being  more  pure  than  the  compound  described  by  the  indicated  authors  [13],  as  is  demonsttated  by  the 
data  given  in  Table  1. 

We  assumed  a  linear  structure  for  the  furan  alcohols  (IX),  (X)  and  (XI),  and  consequently  the  correspond¬ 
ing  structure  of  their  derivatives  is  based  on  the  following  experimental  data.  Proceeding  from  6-(  a-furyl) 
propionaldehyde  [13]  and  C2H5MgBr  we  synthesized  the  alcohol 


-CHa-CH,,-CH(OH)-CH2-CH,. 


the  normal  structure  of  which  is  without  dispute.  This  alcohol  showed  physical  properties  that  were  identical 
witli  those  of  alcohol  (IX),  obtained  in  the  hydrogenation  of  furfurylidenemethyl  ethyl  ketone  (Table  1).  The 
3.5-dinitrobenzoates,  prepared  from  the  two  alcohols,  had  the  same  melting  point.  The  mixed  melting  point 
was  not  depressed.  In  its  physical  properties  the  alcohol,  synthesized  in  a  similar  manner  from  furylpropion- 
aldehyde  and  C4H9MgBr,  proved  to  be  identical  with  (XI). 

In  addition,  the  iodoform  reaction  was  applied  to  the  tetrahydrofuran  alcohols  (XVII),  (XVIII)  and  (XIX), 
giving  a  negative  result,  whereas  when  the  same  test  was  madeonl-(a-tetrahydrofuryl)-3-buunol,  containing 
the  CH(0H)-CH3  grouping,  a  copious  iodoform  precipitate  w'as  obtained.  This  indicates  that  a  similar 
grouping  is  absent  in  die  indicated  tetrahydrofuran  alcohols,  and  consequently  diat  both  the  starting  furan 
alcohol  (IX,  X,  XI)  and  the  furfurylidene  ketones  (I,  II,  III)  show  a  normal  structure  for  the  hydrocarbon  chain. 


•  Typographical  errors  appear  in  paper  125],  Table  2  (for  the  boiling  points  given  for  products  XXIX  and  XXXII). 
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Constants  of  the  Hydrogenation  Products  of  Furfurylidene  Ketones 


in  alcohol  [211  b.p.  168-170“  (12  mm),  nj,  1.55,  df  1.1. 

•••  Obtained  earlier  [5]  in  the  hydrogenation  of  (VII)  with  platinum  catalyst. 

••••  Obtained  earlier  [13]  in  the  hydrogenation  of  furfurylideneacetoj^enone  over  Nij^; 
b.p.  160"  (28  mm),  ng  1.5200,  df  0.9795  MRq  59.01. 


Methylfurylacrolein  [15]. 


Consequently,  similar  to  beiizakleliycle  [2r!-24],  furfural  in  alkaline  medium  condenses  with  methyl 
ethyl  ketone  and  its  alkyl  lioniologs,  mainly  at  tlie  methyl  group,  and  consequently  the  representations  made 
by  Kasiwagi  [17]  relative  to  the  structure  of  furfurylidenemetliyl  ethyl  ketone  require  a  critical  examination. 

These  considerations,  expressed  by  us  as  early  as  1953  [25],  are  in  complete  agreement  with  the  later 
appearing  experimental  data  of  otlier  authors,  relating  to  the  structure  of  furfurylidenemethyl  butyl  ketone  and 
furfurylidenemethyl  amyl  ketone  [26],  and  also  furfurylidenemethyl  ethyl  ketone  [27]. 

EXPERIMENTAL 

Furfurylidene  Ketones  (I-V)  were  obtained  by  the  condensation  of  furfural  with  the  corresponding 
aliphatic  ketones,  taken  in  some  excess.  To  an  aqueous-alcohol  solution  of  the  reactant  mixture  with  stirring 
was  gradually  added  several  milliliters  of  10 NaOH  solution.  The  reaction  product  separated  as  a  yellow 
oil,  which  was  separated,  dried,  and  vacuum-distilled. 

Previously  unknown  data  for  some  of  the  physical  constants  of  the  indicated  ketones  are  given  below. 

(I)  B.  P.  119-120*  (12  mm),  n“^  1.5808,  d^*  1.066; 

(II)  B.  P.  13&-136*  (15  mm),  1,5592,  d®*^  1.026; 

(III)  B.P.  136-138*  (11  mm),  m.  p.  41.5-42*,  n^  1.5434,  d^  1.0015; 

(IV)  B.  P.  146-14r  (8  mm),  m.  p.  43-44* 

Furfurylidenemethyl  isohexyl  ketone  (V)  is  a  pale  yellow  liquid  with  characteristic  odor. 

B.  P.  155.5-156*  (7  mm),  ng  1.5370,  d“  0.9862. 

Found  C75.52;  H  8.74  M  207.0.  CijHaOj.  Calculated  C75.69;  H8.79.  M  206.3. 

The  ketone  forms  the  semicarbazone  with  m.  p.  114*  and  the  2,4-dinitrophenylhydrazone  with  m.p.  132*. 

Furfurylideneacetophenone  (VI)  and  furfuryUdenepropiophenone  (VII)  were  obtained  by  the  condensation 
of  furfural  with  the  corresponding  ketones  in  anhydrous  alcohol  solution  at  0*  and  the  gradual  addition  of  an 
alcoholic  sodium  ethylate  solution. 

Furfurylidenebenzylideneacetone  (VIII)  was  obtained  by  the  Claisen  method  [19]. 

Hydrogenation  was  accomplished  by  the  typical  method  [15]  in  rotating  steel  autoclaves  having  volumes 
of  0.5  and  0.15  liter,  respectively;  electronic  temperature  regulators  were  used  to  maintain  desired 
temperature:  the  catalysts  used  were  Nij^,  a  commercial  catalyst  of  domestic  manufacture,  and  CuCr204,  which 
was  prepared  in  the  usual  manner  [28]. 

6  -(  a-Furyl)  propionaldehyde  was  prepared  by  the  Adkins  method  [13]  in  52  %  yield.  The  compound 
is  a  pale  yellow  liquid. 

B.  P.  81-82*  (17  mm).  n“  1.4766. 

From  the  literature  [29]:  B.  P.  81*  (17  mm),  n^’  1.4772. 

l-(  a-Furyl)-3-pentanol  was  obtained  by  the  addition  of  7,4  g  of  8 -( a-furyl)  propionaldehyde  to 
C2H5MgBr,  prepared  from  1.44"  g  of  Mg  and  6.6  g  of  ethyl  bromide  in  30  ml  of  absolute  ether.  Vacuum - 
distillation  gave  6.'5  g  (70.7  %)  of  the  compound. 

B  P  122-124*  145  mm).  n“  1.4760,  d“  1.007,  MR^  43.19;  Calculated  43.79. 

'  '  D  4  U 

Found  '/'o;  C  69.87;  H  9.32;  OH  11,41,  C9H14O2.  Calculated  C  70.10;  119.15;  OH  11.03. 
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The  3,5-dlnitrobeiizoate  of  tlie  alcohol  was  obtained  in  the  usual  manner  [30];  after  two  recrystalllzav 
dons  from  alcohol  the  benzoate  was  obtained  as  yellow  crystals  with  m.  p.  83.5-84* . 

Found  N  8.34.  CuIIijNjOt.  Calculated  N  8.04. 

The  furan  alcohol,  obtained  in  the  hydrogenation  of  furfurylidenemethyl  ethyl  ketone  (IX)  under  the 
same  conditions,  gave  the  3,5-dinitrobenzoate  as  yellow  crystals  with  m.  p.  83.5-84*  (from  alcohol). 

Found  N.  8.1G.  CijHuNjOt.  Calculated  N  8.04. 

When  a  polarization  microscope  was  used  to  compare  the  optical  and  other  properties  of  the  two 
3,5-dlnltrobenzoate  specimens  it  was  revealed  that  they  could  not  be  distinguished.  Also,  the  mixed  melting 
point  of  die  two  products  was  not  depressed. 

l-(  a-Furyl)-3-heptanol  was  obtained  in  the  same  manner  as  the  preceding  by  adding  6.2  g  of 
8-(  o-furyl)  propionaldehyde  to  the  Grignard  reagent  prepared  from  1.2  g  of  magnesium  turnings  and  6.8  g 
of  n-butyl  bromide  in  30  ml  of  absolute  ether. 

B.  P.  121-122*  (6  mm),  n“  1.4720,  d“  0.9704,  MRp52.59;  Calculated  53.03. 

Found  <70:  C  72.16;  H  9.63;  OH  9.30.  CuH^Oj  Calculated  <7o;  C  72.43;  H  9.88.  OH  9.33. 

The  alcohol  forms  a  liquid  reaction  product  with  phenyl  isocyanate,  which  was  not  Investigated  further. 

SUMMARY 

1 .  The  pressure  hydrogenation  in  the  presence  of  copperchromium  catalyst  of  furfurylidenemethyl 
etfiyl  ketone,  -methyl  propyl  ketone,  -methyl  butyl  ketone,  -methyl  amyl  ketone,  -methyl  isohexyl  ketone, 
furfurylideneacetophenone,  furfurylidenepropiophenone  and  furfurylidenebenzylidencacetone  gave  the 
corresponding  furan  alcohols  in  60- 78*70  yield.  The  latter  when  hydrogenated  on  nickel-on-kieselguhr  were 
converted  into  the  corresponding  tetrahydrofuran  alcohols  in  up  to  75%  yield.  In  this  connection  the  alkyl  and 
aryl  homologs  of  l,6-dioxaspiro(4,4)nonane  were  obtained  as  secondary  reaction  products.  The  properties  of 
23  new  substances  (V,  IX-XHl,  XV-XXI,  XXIII,  XXIV,  XXYI-XXXIU)  were  described,  and  the  constants  of 
subsunces  (XIV),  (XXII)  and  (XXV),  obtained  by  a  new  method,  and  also  of  the  ketones  (I),  (II)  and  (HI),  were 
determined  more  accurately, 

2.  Experimental  data  were  presented,  showing  that  furfurylidene  ketones  of  normal  structure  are  formed 
when  furfural  is  condensed  with  methyl  alkyl  ketones. 

3.  It  was  established  that  the  hydrogenation  under  pressure  of  furfurylideneacetophenone  and  furfury¬ 
lidenepropiophenone  in  the  presence  of  Raney-Ni  in  dioxane  solution  gives  as  the  main  reaction  product  the 
corresponding  tetrahydrofurylphenyl-alkanes. 
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STRUCTURE  AND  TRANSFORMATIONS  OF  N-NITROTRIAZENES 
1 1 .  METHYLARYL- N-NITROTRIAZENES 

N.  M.  Baranchik,  I.  V.  Grachev  and  D.  Z.  Zavelsky" 


It  was  shown  in  the  previous  communication  [1]  that  the  condensation  of  active  diazo  compounds  with 
phenylnitramine  yields  diaryl-N-nitrotriazenes,  so  unstable  under  the  reaction  conditions  that  they  cannot  be 
isolated  in  a  pure  state.  A  study  of  the  decomposition  products  of  the  diaryl-N-nitrotriazenes  revealed  that 
they  always  contain  a  new  N-nitramine,  into  whose  composition  enter  the  aryl  part  of  the  starting  diazo 
compound  and  the  diazobenzene,  obtained  from  the  starting  phenyl-N-nitramine.  Such  an  unexpected  diazo- 
amino  condensation  result  was  explained  by  the  migration  of  the  N-nitro  group  in  the  triazene  chain  of  the 
formed  diaryl-N-nitrotriazenes  from  one  terminal  nitrogen  to  another: 


Ar'-NgOH  -t-  Ar-NH-NOa 


-H,0 


Ar'— N=N— N— Ar  Ar'— N— N==N— Ar 

I  I 

NOo  NO., 


+H.O 


Ar'— NH-NO,  Ar— N2OH. 


With  the  purpose  in  mind  of  obtaining  some  N-nitrotriazenes,  and  being  convinced  that  the  diaryl-N- 
nitrotriazenes  are  slightly  too  labile,  we  undertook  the  condensation  of  diazo  compounds  with  methyl-N- 
nitramine,  so  as  to  obtain  more  stable  methylaryl-N-nitrotriazenes.  The  assumption  of  a  greater  stability 
for  the  methylaryl-N-nitrotriazenes  when  compared  with  the  diaryl-N-nitrotriazenes  was  based  on  the  work 
done  by  one  of  us [2],  which  showed  that  the  methylaryl-N-sulfotriazenes  are  so  stable  that  they  can  be 
isolated  in  the  pure  state  and  kept,  whereas  the  diaryl-N-sulfotriazenes  decompose  immediately  after  their 
formation  with  the  liberation  of  diaryltriazenes  and  bisulfate: 


Ar'— N2OH  Ar-NH-SO.,Na  — ^  Ar'-N=N-N-Ar  — 


SO;,Na 


- ►  Ar'— N=N— NH— Ar -r- NaHS04. 


Methyl-N-nitramlne  was  synthesized  from  dimethyl  oxalate  by  the  Franchimont  method  [3]: 


NO2 

I  NH  NO2 

COOCH3  CH3NH,  CONHCH;,  HNo,  CO-N-CH3  CO-NH2  I 

COOCH3  CONHCH3  ^  CO-N-CH.,  CO-NHa^  I 

I  NH4 

NO2 


H4N— N<^ 


yNO-a  H,so, 


CH;, 


.NO, 
HN<  ■ 
^CH, 
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A  description  of  this  synthesis  is  given  in  EXPERIMENTAL,  since  it  contains  some  details  that  are  absent  ! 

in  die  studies  of  Franchiniont,  ^ 

Methyl-N-nitramlne  in  die  form  of  its  sodium  salt  was  condensed  with  the  diazo  compounds  in  water 
solution.  As  was  revealed,  only  active  diazo  compounds,  containing  electrophilic  substituents  in  the  benzene  * 

nucleus,  enter  into  diis  reaction,  since  methylnitramine  is  more  of  a  weak  acid  tiian  a  weak  base.  Actually,  > 

as  is  known  [4],  methylnitramine  has  the  ionization  constant  =  3.0*10-^  and  K  ,  =  7.2:10-^,  which  is  ' 

extremely  close  to  the  ionization  constant  of  carbonic  acid  ^ 

(K  ,=  4.31‘  10-^),  and  consequently  readily  ’ 

25 

forms  salts,  even  widi  ammonia.  The  observed  low  activity  shown  by  methylnitramine  for  diazoamino 

condensation  is  in  good  agreement  with  the  representations  of  B.  A.  Porai-Koshits  [5],  who  believes  that  the  ^ 

first  stage  in  the  acylation  or  diazoamino  condensation  of  an  amine  is  the  addition  of  a  positively  charged 

acyl  or  diazo  radical  to  an  unshared  electron  pair  of  the  amino  nitrogen  with  the  subsequent  cleavage  of  water 

from  the  addition  product:  ’ 

N=N— Ar 

—  I 

Ar-N=N-f-R-NH2 - *•  R-NH?  — *►  R-NH-N=N-Ar -h  H+. 


the  nitrogen  is  drawn  away  by  the  neighbor- 
diazo  radical.  This  property  is  clearly 


It  is  natural  that  the  more  the  unshared  pair  of  electrons  at 
ing  electrophilic  group,  the  lower  its  capacity  for  addition  of  the 
expressed  for  methyl-N-nitramine. 


CHj-NH  — n:' 

0 


We  conden''’d  the  methylnitramine  with  the  diazo  compounds  obtained  from  2-nitroaniline,  3-nitro- 
aniline,  4-nitroamiine,  2-chloro-4-nitroaniline  and  4-chloro-2-nitroaniline.  For  the  first  four  diazo 
compounds  tlie  pH  of  the  medium  during  condensation  was  maintained  within  the  limits  of  6  to  4.5,  and  for 
the  last  compound,  as  being  more  prone  to  migrate  into  the  inactive  form,  in  the  pH  range  3. 5-3. 8. 


N=N— N— CHg  OjN— --N=N— N— CHg  /  N— N=N— N— CH3 

I  \ - /  I  ^ I 


NO, 


NO, 


NO, 


NO, 


(0  (»)  (HI) 

OaN-/  ")^N=N-N-CH3  Cl—/  N=N— N-CH3 

\ - /  I  \ - /  I 

NO2 


Cl 


NO, 


NO, 


(IV) 


(V) 


The  methylaryl-N-nitrotriazenes  are  light-colored  powders  with  hues  ranging  from  sand  and  slightly 
pink  to  brown,  and  showing  a  fine  crystalline  structure  under  the  microscope.  They  are  insoluble  in  water. 
Their  recrystalUzation  from  organic  solvents  like  alcohol,  benzene,  ether,  etc.  does  not  achieve  the  desired 
purpose,  since  under  these  conditions  the  N-nitrotriazenes,  especially  when  heated,  decompose  with  the 
liberation  of  a  gas.  Consequently,  it  was  necessary  to  use  the  unrecrystallized  products  for  elementary  analysis, 
which  was  reflected  somewhat  in  the  degree  of  agreement  between  the  found  and  calculated  content  of  the 
elements.  However,  the  obtained  results,  the  same  as  the  data  of  the  other  methods  given  below  for  the 
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analysis  of  N-nitrotriazenes,  do  not  leave  any  doubt  as  to  the  validity  of  the  proposed  structural  formulas. 

Tlie  inetliylaryl-N-triazenes  beliave  like  true  dlazoamino  compounds:  when  dissolved  and  heated  in 
glacial  acetic  acid,  containing  a  small  amount  of  a-naplithylamine,  they  give  a  bright  color  due  to  cleavage 
into  the  original  components,  tite  diazo  part  of  which  then  couples  witli  a-naphthylamine  to  give  tlie 
corresponding  azo  dye  [6].  The  stability  of  tlie  niethylaryl-N-nitrotriazenes  toward  storage  is  small  and 
strongly  depends  on  tlieir  structure.  If  the  N-nitrotriazene  (I)  is  capable  of  being  stored  for  a  week  with 
hardly  any  change,  then  its  analog  (II)  changes  more  rapidly  than  in  a  week,  while  the  triazene  (V)  is  converted 
into  a  tar  even  after  3  days.  All  of  tlie  N-nitrotriazenes  lose  weight  when  stored,  gradually  evolving  a  gas. 

In  this  case  also  the  instability  increases  with  increase  in  the  electrophilic  properties  of  the  substituents  in  the 
aryl  nucleus  of  tlie  triazencs.  An  interesting  property  of  the  methylaryltriazenes  is  their  ability  to  enter  into 
azo-coupling  with  8-naphthol  in  alcohol  solution  in  the  absence  of  any  externally  added  acid.  The  reaction 
proceeds  by  the  following  scheme: 


O2N-/  ^-N=N-N-CH3 


NO., 


./\/ 


OH 


- »•  O.2N— N--N— (  ^  -4-HN— CH;,. 


<_  > 


NO., 


In  all  cases  the  obtained  azo  dyes  showed  a  complete  identity  with  the  dyes  formed  by  the  direct 
coupling  of  8-naplitliol  witli  the  corresponding  diazo  compounds.  Simultaneous  with  the  azo-coupling,  the 
formation  of  metliylnitramine  was  shown  by  its  isolation  from  the  reaction  solution,  remaining  after  removal 
of  the  azo  dye,  by  extraction  with  ether  and  its  identification  with  the  autlientic  methylnitramine. 

To  quantitatively  study  the  azo-coupling  reaction  each  of  the  niuotriazenes  was  added  to  an  alcohol 
solution  of  8-naphthol,  and  after  standing  for  a  day,  the  excess  8-naphthol  was  determined  by  titration  with 
p-nitrophenyldiazonium  chloride  solution,  while  the  methylnitramine  was  determined  by  potentiometric 
titration  witli  sodium  hydroxide  solution.  It  was  found  that  for  the  nitrotriazene  (I)  from  3-nitrodiazobenzene 
the  coupling  goes  to  the  extent  of  95-9G  %  for  the  nitrotriazenes  (II)  and  (lU)  from  4-nitro-  and  2-nitrodiazo- 
benzenes  to  the  extent  of  93.6-94.8'^?,  for  (IV)  from  4-nitro-2-chlorodiazobenzene  to  the  extent  of  77-79'^,, 
and  for  (V)  from  4-chloro-2-nitrodiazobenzene  only  to  the  extent  of  69-72'7o,  even  after  supplementary  boiling 
of  the  reaction  solution  of  3  hours.  From  tliis  it  follows  that  an  increase  in  tlie  number  of  electrophilic  groups 
in  die  benzene  rings  of  the  nitrotriazenes  and  their  being  present  in  tlie  2  and  4  positions,  especially  in  the  2 
position  for  tlie  nitro  group,  reduce  the  ability  shown  by  triazenes  for  cleavage.  This  conclusion  is  found  to  be 
in  accord  with  the  similar  rules  observed  by  one  of  us  [7]  for  the  methylaryl-N-sulfotriazene  series. 

As  is  known,  the  trisubstituted  triazenes  synthesized  up  to  now  were  always  stable  in  neutral  medium  and 
suffered  cleavage  only  under  tlie  influence  of  more  or  less  strong  acids,  in  which  connection  an  elevated 
temperature  was  frequently  needed  to  drive  the  reaction  to  completion.  This  specific  property  of  the  triazenes 
was  successfully  used  in  industry  for  the  color  printing  of  fabrics.  The  property  of  cleaving  the  diazo  part 
in  the  absence  of  acid  was  revealed  for  the  first  time  by  the  methylaryl-N-nitrotriazenes  that  we  had  synthe  - 
sized.  However,  it  is  necessary  to  remember  that  here  the  cleavage  of  the  methylaryl-N-nitrotriazenes  yields 
the  free  methylnitramine,  which  although  functioning  as  a  very  weak  acid,  still  undoubtedly  catalyzes  further 
cleavage  until  a  definite  equilibrium  beti/een  the  cleavage  and  condensation  reactions  is  attained.  In  alcohol 
solution  in  the  presence  of  8  -naphthol  the  diazo  part  being  cleaved,  irreversibly  forming  the  azo  dye, 
escapes  from  the  reaction  sphere  and  in  this  manner  drives  to  completion  the  reaction  for  the  cleavage  of  the 
nitrotriazenes  obtained  from  mononitrodiazobenzenes.  As  regards  the  nitrotriazenes  derived  from  the  nitro- 
chlorodiazobenzenes,  then  their  cleavage  proceeds  not  only  more  slowly  due  to  the  additional  electrophilic 
groups  present,  but  also  not  quantitatively,  apparently  due  to  the  progress  of  secondary  reactions,  which  were 
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not  studied  by  us  more  closely.  The  unusual  ability  shown  by  N-nitrotriazenes  to  cleave  in  die  absence  of 
acids  can  be  explained  by  the  fact  that  the  nilro  group,  linked  to  the  1  nitrogen  in  die  triazene  chain,  so 
strongly  attracts  the  electrons  of  the  bond,  common  to  Ixidi  the  1  and  2  nitrogen  atoms,  as  to  make  impossible 
the  rupture  of  tliis  bond  witii  die  formation  of  ions  in  accord  with  the  following  scheme: 


@ 

Ar-N  =  W-N-CH3  Ar-N=N  +  ©N-CH,. 

J  2  X|  " 

N 

0^  0^  "^7 


The  following  comparisons  of  the  ability  shown  by  certain  acyltriazenes  to  cleave  are  of  interest. 
According  to  Dimroth  [8],  methylphenyl-N-acetyltriazene  is  so  stable  toward  the  action  of  acids  that  IN 
hydrochloric  acid  is  without  influence  on  it  at  room  temperature.  Methyl-(4-nitrophenyl)-N-sulfotriazene 
[7]  at  the  same  temperature  is  capable  of  being  cleaved  even  at  a  pH  of  3. 5-4.0,  while  methyl-(4-nitrophenyl) 
-N-nitro triazene  is  gradually  cleaved  in  either  water  or  alcohol  even  in  the  absence  of  acid.  From  this  it  can 
be  concluded  that  die  bond  between  the  1  and  2  nitrogens  in  triazenes,  usually  having  a  covalent  character, 
depending  on  the  electrophilic  properties  of  the  substituents  on  the  1  nitrogen,  can  polarize  to  such  an  extent 
that  in  die  case,  for  example,  of  the  nitro  group,  it  acquires  an  electrovalent  character,  since  it  is  capable  of 
decomposing  in  either  alcohol  or  water  with  the  formation  of  two  oppositely  charged  ions. 

In  the  quantitative  analysis  for  diazo  nitrogen  in  N-nitrotriazenes  by  the  usual  method  of  boiling  the 
triazene  sample  in  dilute  up  to  68*70  sulfuric  acid  there  is  liberated,  besides  one  molecule  of  diazo  nitrogen, 
also  a  molecule  of  nitrous  oxide.  This  fact  is  easily  explained,  since  nitramines,  and  in  particular  methyl- 
nitramine,  are  capable  of  cleaving  nitrous  oxide  under  the  influence  of  sulfuric  acid  [9].  A  more  detailed 
study  of  the  cleavage  reaction  of  N-nitrotriazenes  revealed  that  the  liberation  of  nitrous  oxide  proceeds  at  a 
much  faster  rate  than  does  the  liberation  of  nitrogen.  Actually,  in  the  case  of  methyl-(3’-nitrophenyl)-N- 
nitrotriazene  the  first  half  of  the  gas  evolved  in  the  experiment  has  d  1.814,  and  the  second  half  has  d  1.390, 
while  in  the  case  of  methyl-(2*-nitrophenyl)-N-nitrotriazene  the  corresponding  values  are  d  1.936  and  d 
1.270  (dN20  1.9774  and  dN2  1.2505).  From  this  it  follows  that  the  decomposition  of  nitrotriazenes  in  sulfuric 
acid  proceeds  in  stepwise  fashion  by  the  following  scheme: 


Ar— N=N— N 


/ 
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CH3 

NO2 


HjSO, 


Ar 


-n=n-+-nh/ 
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OSO3H 


CH3 

NO./ 
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NH;^  ^  — >  N.,Oh-CH,OH, 
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Ar-N  =N  ^  N.,  -H  ArOH  -t-  H2SO4. 
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Here  reacticii  <2)  for  the  decomposition  of  the  methylnitramine  proceeds  at  a  much  faster  than  does 
reaction  (3)  for  the  decomposition  of  the  diazo  compound.  In  turn,  reaction  (3)  proceeds  more  slowly  the 
more  electrophilic  the  substituent  in  tlie  benzene  ring  of  die  diazo  compound  and  die  more  of  these 
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substituent!!  present.  The  last  circuinstance  was  additionally  verified  by  us  by  means  of  some  special 
experiments  made  on  the  decomposition  of  3-nittodiazobenzene,  2-nitrodiazobenzene  and  4-nitro-2-chloro- 
diazobenzene.  It  is  in  full  agreement  with  the  known  data  [10]  on  the  comparative  stability  of  the  diazo 
groups  found  in  differently  substituted  diazo  comjX)unds. 

EXPERIMENTAL 

I.  Synthesis  of  Methyl-N-nitramine 

Dimethyloxamide  [11].  59  g  of  dimethyl  oxalate,  synthesized  in  known  manner  [12],  was  added  in  small 
portions  with  rapid  stirring  to  a  flask,  containing  200  ml  of  11%  aqueous  metliylamine  solution,  and  cooled 
externally  with  cold  water.  Fine  white  crystals  of  dimethyloxamide  deposited  almost  immediately.  On 
conclusion  of  adding  the  ester  the  reaction  mass  was  allowed  to  stand  for  several  hours  to  complete  the  crystal¬ 
lization,  then  it  was  filtered,  washed  with  a  small  amount  of  ice  water,  pressed,  and  dried.  Recrystallization 
from  alcohol  gave  snow-white  needles  with  m,  p.  216-217".  Yield  70-75%. 

Dinitrodimetliyloxamide  [3].  To  a  flask  containing  30  ml  of  98%  nitric  acid  was  added  in  small  portions 
with  either  shaking  or  stirring  5.8  g  of  dry  dimetliyloxamide.  When  the  latter  had  dissolved  the  reaction  mass 
was  allowed  to  stand  for  1-2  hours,  and  then  it  was  poured  into  400  ml  of  cold  water.  The  obtained  white 
crystals  of  water-insoluble  dinitro  derivative  were  separated  and  washed  with  water  to  remove  nitric  acid. 

Two  recrystallizations  from  alcohol  gave  a  product  with  m.  p.  123-124"  [3],  The  yield  of  diniuodimethylox- 
amide  before  recrystallization  was  ~98%. 

Methylnitramine  [11].  With  stirring  and  cooling  87  g  of  dinitrodimethyloxamide  was  added  in  small 
portions  in  2  hours  to  a  flask,  containing  250-270  ml  of  aqueous  (22%)  ammonia.  Then  the  water-insoluble 
oxamide,  formed  as  tlie  result  of  reaction,  was  filtered  from  the  reaction  mass.  The  colorless  filtrate,  composed 
of  die  ammonium  salt  of  methylnitramine  and  excess  ammonia,  was  evaporated  on  the  water  bath  to  the 
disappearance  of  ammonia  odor,  and  then  witii  external  ice-cooling  and  rapid  stirring  it  was  slowly  acidified 
with  5-10%  sulfuric  acid  to  pH  3  (the  appearance  of  a  violet  stain  on  Congo  paper).  To  avoid  decomposition  of 
the  methylnitramine  die  acidified  solution  was  immediately  extracted  with  several  100-150  ml  portions  of 
ether.  Removal  of  the  ether  by  distillation  gave  colorless  crystals  of  the  methylnitramine,  after  separation  and 
drying,  with  m.  p.  37-38°,  Yield  85-90%, 

II.  Condensation  of  Diazo  Compounds  With  Methyl-N-nitramine 

1.  1-Methyl- l-nitro-3-(3’-nitrophenyl)  triazene  (I).  A  solution  of  3-nitrophenyldiazonium  chloride 
was  prepared  by  diazotizing  0.01  mole  of  3-nitroaniline  with  nitrite  in  the  presence  of  0.03  mole  of  hydro¬ 
chloric  acid  as  a  4N  solution.  One  gram  of  methylnitramine  was  dissolved  in  a  slight  excess  of  sodium  hydrox¬ 
ide  solution.  To  the  methylnitraminate  solution  was  added  a  concentrated  buffer  solution  of  a  mixture  of 
sodium  acetate  and  acetic  acid  with  pH  6,  and  then  the  diazonium  chloride  solution  was  added  at  room 
temperature  with  vigorous  stirring.  Here  the  reaction  mass  quickly  acquired  a  milk-white  turbidity,  gradually 
changing  to  a  light  flocculent  precipitate  the  amount  of  which  rapidly  increased.  The  condensation  is 
accompanied  by  the  liberation  of  acid,  which  had  to  be  constantly  neutralized  with  either  sodium  acetate  o^ 
bicarbonate  in  order  to  maintain  the  pH  of  the  medium  at  «  6.  (Indicator  papers  were  used  to  control  the 
pH),  Two  hours  after  starting  the  reaction  tlie  reaction  mass  was  filtered.  The  precipitate  was  washed  to  the 
disappearance  of  free  diazo  compound  in  the  wash  water  (test  with  a  solution  of  H-acid)  and  then  it  was  dried 
at  room  temperature  in  a  vacuum -desiccator.  The  yield  of  nitrotriazene  (based  on  the  starting  diazo  compound) 
was  87-90  %,  The  N-nitrotriazene  synthesized  in  this  manner  represents  a  light,  finely  crystalline  powder  with 
a  light-pink  cast.  We  were  unable  to  recrystallize  the  compound,  since  it  is  insoluble  in  water,  while  in 
organic  solvents  like  alcohol,  benzene,  ether,  etc.  it  decomposes  with  tlie  liberation  of  a  gas,  especially  when 
heated.  When  we.  attempted  to  determine  its  melting  point  the  nitrotriazene  flashed  even  before  tlie  melting 
point  was  reached.  When  heated  in  glacial  acetic  acid,  containing  a  small  amount  of  a-naphtliylamine,  a 
bright  color  appears  due  to  cleavage  of  the  nitrotriazene  with  the  liberation  of  tlie  diazo  compound,  forming 
an  azo  dye  with  the  a-naphthylamine.  When  stored  the  nitrotriazene  slowly  liberates  a  gas,  loses  weight, 
gradually  darkens,  and  finally  is  transformed  into  a  black  viscous  tarry  substance.  When  stored  for  2  months  the 
product  loses  about  28%  of  its  weiglil.  The  elementary  analysis  was  run  on  the  freshly  synthesized,  but  not 
recrystallized  product. 
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Found  C  38.13|  H  3.38}  N  31.35.  C7H^4N5.  Calculated  %:  C  37,33;  H.  3. 13;  N31.il. 

2.  l-Methyl-l-nitro-3-(4'-nltrophenyl)  triazeiie  (II).  A  solution  of  4-nitrophenyldiazonlum  chloride, 

prepared  from  0.01  mole  of  4-nitroaniline  and  0.03  mole  of  hydrochloric  acid,  was  added  at  room  temperature 
and  with  stirring  to  a  solution  of  sodium  methyl-N-nitraminate,  buffered  with  a  mixture  of  sodium  acetate  and 
acetic  acid.  During  the  condensation  the  pH  of  the  reaction  mass  was  kept  within  the  limits  5. 0-5. 5.  The 
deposition  of  a  light-yellow  flocculent  precipitate  began  immediately  and  was  complete  in  2-3  hours  after 
mixing  the  components.  The  precipitate  was  filtered,  washed  from  traces  of  the  diazo  compounds,  pressed, 
and  vacuum -dried.  The  yield  of  the  triazene  (based  on  the  diazo  compound)  was  «  70  %.  The  substance  was 
obtained  as  a  finely  crysulline  light-yellow  powder,  which  flashed  when  heated,  was  insoluble  in  water,  and 
did  not  lend  itself  to  recrystallization  from  organic  solvents  due  to  decomposition.  It  also  gives  the  bright 
color  characteristic  for  triazenes  when  its  solution  in  glacial  acetic  acid  Is  heated  in  the  presence  of 
a-naphtliylamine.  The  triazene  from  4-nitrodiazobenzene  is  even  less  stable  to  storage  than  the  above 
described  triazene  from  3-nitrodiazobenzene.  After  12-15  days  it  is  converted  into  a  tar,  and  in  a 

month  it  loses  31.0^o  in  weight. 

Found  <7,.;  C  38.25;  H  3.58;  N  31.60.  C7H7O4N5.  Calculated  %;  C  37.33.  H  3.13;  N31.il. 

3.  l-Metiiyl-l-nitro-3-(2’- nitrophcnyl)  triazene  (III).  The  condensation  of  2-nitrophenyldiazonium 
chloride  with  metliyl-N-nitramine  was  run  under  the  conditions  described  above,  but  at  pH  4,8-5. 0.  The  yield 
of  the  triazene  was  55-60^',  The  substance  was  obtained  as  a  powder  with  a  light-sand  color,  rapidly  assuming 
a  dark-brown  color  in  the  air  and  going  to  a  tar.  For  the  remainder  it  is  close  in  its  properties  to  the  above- 
described  triazenes.  After  storage  for  20  days  it  lost  31-33'7o  of  its  weight. 

Found  7:  C  38.07;  H  3.50;  N  31.54.  C7H7O4N5.  Calculated  ^o:  C  37.33;  H  3.13;  N31.il, 

4.  1-Methyl- l-nitro-3-  (4'-nitro-2’-chlorophenyl)  triazene  (IV).  The  condensation  of  4-nitro-2- 
chlorophenyldiazonium  chloride  was  run  with  a  hO^o  excess  of  methyl-N-nitramine  at  pH  4.5-5. 0.  The  yield 
of  die  triazene  was  about  55'7>.  The  triazene  was  obtained  as  a  powder  with  a  light-sand  color,  turning  to  a 
tar  when  stored  and  losing  20.8'7>  of  its  weight  in  a  month. 

Found  7.;  C  33.02;  H  2.54;  Cl  12.  84.  C^,04N5C1.  Calculated  C  32,40;  H  2.32;  Cl  13.70. 

5.  1-Methyl- l-nitro-3-(4*-chloro-2*-nitrophenyl)  triazene  (V).  The  diazotization  of  0.01  mole  of 
4-chloro-2-nitroaniline  was  done  in  the  presence  of  0.05  mole  of  hydrochloric  acid.  To  the  acid  solution, 
rapidly  at  first,  and  then  slowly,  was  added  a  3-3.5  -fold  excess  of  sodium  m  ethy  Ini  tram  inate  solution.  The 
latter  was  prepared  by  dissolving  3  g  of  methylnitramine  in  an  equivalent  amount  of  2N  sodium  hydroxide 
solution.  When  a  permanent  white  turbidity  (at  pH  3.8)  appeared  in  the  reaction  mixture  the  addition  of  the 
sodium  methylnitraminate  was  terminated,  and  stirring  was  continued  for  another  1.5-2.0  hours.  A 
flocculent  precipitate  accumulated  during  this  time,  and  the  pH  of  the  medium  dropped  to  2.8-3.0.  The 
precipitate  was  filtered,  washed  from  unreacted  diazo  compound,  and  vacuum -dried.  The  yield  was  about  30'yo. 
The  triazene  was  obtained  as  a  light-brown  powder,  showing  rapid  darkening  when  stored,  and  changing  to  a 

tar  more  rapidly  than  all  of  the  above  described  triazenes  (in  approximately  3  days).  The  weight  loss  in  this 
lime  was 

Found '7n;  c  33.43;  Cl  13.6.  C7H4O4N5CI.  Calculated  %:  C  32.40;  Cl  13.70. 

III.  Cleavage  of  N  -  N  i  tro  tr  i  a  z  en  es  Into  Original  Components 

A  suspension  of  1-methyl- l-nitTO-3-(4’-nitrophenyl)  triazene  in  water  was  stirred  for  3  hours.  When 
poured  into  an  alkaline  solution  of  8  -naphthol  or  a  soda-alkaline  solution  of  H-acid  the  filtrate  from  this 
suspension  gave  a  weak  color  of  the  azo  dye,  identical  with  that  obtained  by  the  direct  coupling  of  4-nitro- 
dlazobenzene  with  the  enumerated  azo-components.  The  other  methylaryl-N-nitrotriazenes  behave  in  a 
similar  manner.  l-Methyl-l-nilro-3-(4*-nitrophenyl)  triazene  was  dissolved  in  cold  alcohol.  When  poured 
into  an  alcoliol  solution  of  6 -naphthol  the  obtained  solution  gave  a  color,  cliaracteristic  for  4-nitro-phenylazo- 
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8  -naphtliol.  An  alcohol  solution  of  the  nitrotriazene  on  standing  turned  yellow  and  acquired  the  odor  of  nitro¬ 
benzene  and  acetaldehyde. 

Quantitative  Determination  of  the  Cleavage  of  N  -  Ni  tro  tr  i  a  z  en  es  in  Alcohol 

The  weighed  sample  of  the  nitrotriazene  ^  ~  0.001  mole)  was  dissolved  in  20  ml  of  a  0.1  N  alcohol  solution 
of  8-naphthol  at  room  temperature.  After  standing  1  day  the  solution  was  diluted  with  water,  buffer  solution 
was  added  (up  to  a  pH  of  6  or  7),  and  the  excess  S-naphthol  was  titrated  with  a  O.IN  solution  of  p-nitrophenyl- 
diazonium  chloride. 

The  diazo  compounds,  cleaved  from  the  methylaryl-N-nitrotriazenes  in  alcohol  solution  by  fl-naphthol, 
were  identified  as  follows:  a  sample  of  tlie  N-nitrotriazene  was  kept  in  an  alcohol  solution  of  8-naphthol  at 
room  temperature  for  several  hours,  tlien  the  solution  was  diluted  with  water,  filtered,  and  the  deposited  azo 
dye  washed  and  its  melting  point  determined. 

Under  these  conditions  the  N-nitrotriazene  from  3-nitro-diazobenzene  formed  a  dye  with  m.  p.  194-195*. 

Its  mixture  with  the  specially  synthesized  3-nitrophenylazo-ft -naphthol,  melting  at  194.5-195.5*  [14],  failed 
to  depress  the  melting  point. 

The  dye,  obtained  from  the  N-nitrotriazene  that  was  synthesized  from  2-nitrodiazobenzene,  was 
identified  in  exactly  the  same  manner.  Its  m.  p.  was  211-212*,  and  its  mixed  melting  point  with  the 
autlientic  2-nitrophenylazo-S -naphtliol,  melting  at  212*  [14],  also  was  not  depressed. 

The  presence  of  the  second  component,  found  in  the  composition  of  the  N-nitrotriazene,  was  shown  as 
follows.  After  standing  for  several  hours,  a  solution  of  the  N-nitrotriazene  in  alcohol,  containing  B-naphthol, 
was  strongly  diluted  with  water  and  the  azo  dye  filtered.  To  purify  it  the  colored  mother  liquor  was  boiled 
with  activated  charcoal,  acidified,  and  extracted  with  ether.  Removal  of  the  ether  by  distillation  gave  a 
substance  with  m.  p.  35-36*,  the  mixture  of  which  with  authentic  methyl-N-nitramine,  having  m.  p.  37-38*, 
melted  at  36-38*. 

To  quantitatively  determine  the  methyl-N-nitramine  a  sample  of  0.2250  g  of  l-methyl-l-nitro-3- 
(2*-nitrophenyl)  triazene  was  dissolved  in  alcohol,  containing  an  equivalent  amount  of  8-naphthol.  After 
several  hours  tlie  solution  was  diluted  with  water,  the  deposited  azo  dye  filtered,  and  the  mother  liquor 
titrated  potentiometrically  with  O.IN  sodium  hydroxide  solution,  using  a  pH  meter  with  glass  electrode. 

9.8  ml  of  O.IN  sodium  hydroxide  was  consumed  in  the  titration,  which  corresponds  to  98*70  methylnitramine. 

IV.  Decomposition  of  N  -  Ni  tro  tr  i  a  z  enes  in  Sulfuric  Acid 

The  determination  of  diazo  nitrogen,  evolved  quantitatively  when  diazoamino  compounds  are  boiled  in 
dilute  sulfuric  acid,  was  run  as  follows  for  the  N-nitrotriazenes:  a  weighed  sample  of  the  triazene  was  placed 
in  a  150-ml  round-bottomed  flask,  fitted  with  a  dropping  funnel  containing  68*7o  sulfuric  acid,  and  connected, 
on  the  one  hand,  to  a  source  of  pure  carbon  dioxide(  Kipp  apparatus),  and  on  the  other-»to  a  gas  burette, 
filled  with  50''7)  potassium  hydroxide  solution.  Carbon  dioxide  was  passed  through  the  flask  until  all  of  the  air 
had  been  displaced,  then  the  flask  was  cooled  with  ice  and  40-50  ml  of  68*7’  sulfuric  acid  was  added  to  it  from 
the  dropping  funnel.  All  of  the  gas,  formed  from  the  decomposition  of  the  heated  solution  of  the  triazene  in 
sulfuric  acid,  through  which  carbon  dioxide  was  passed,  was  collected  in  the  gas  burette  over  alkali  and 
measured.  The  determination  results  are  given  in  Table  2. 

From  the  data  in  Table  2  it  can  be  seen  that  not  1,  but  2  moles  of  gas  are  liberated  from  1  mole  of  the 
N-nitrotriazene. 

The  specific  gravity  of  the  gas  was  determined  as  follows,  A  sample  of  the  N-nitrotriazene  (about  0.7g) 
was  decomposed  with  68'7i  sulfuric  acid  by  the  above  described  method.  In  two  experiments,  where  the 
decomposition  rate  was  regulated  by  the  degree  of  heating,  the  gas,  in  measure  with  its  formation,  was 
collected  in  the  gas  burette  in  two  portions.  Here  the  1st  and  2nd  halyes  of  the  gas  were  transferred  separately 
from  the  gas  burette  to  an  evacuated  and  weighed  gas  pycnometer  (capacity  69,56  ml)  and  the  contained  gas 
was  weighed  at  known  temperatures  and  pressures.  In  the  third  experiment  the  gas,  obtained  from  one-half 
the  amount  of  triazene,  was  collected  together  and  its  average  specific  gravity  was  determined  in  the  same 
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Determination  of  the  Dlazo  Components  in  Alcohol  Solutions 
of  Nitro.lriazenes  and  6-Naphthol 


Diazo  component 
present  in  the 

Weight  of 
triazene 

Amount 
O.IN  8- 
naphthol 
us(fd,for  ,  , 
couplingfml 

Found 

diazo 

triazene 

(g) 

(in  %) 

3-  Nitrodiazobenzenqj 

0.2254 

0.2255 

9.50 

9.60 

94.9 

95.9 

4-  Nitrodiazobenzenej 

0.2262 

0.2256 

9.40 

9.50 

93.6 
-  94.8 

2>  Nitrodiazobenzene 

0.2244 

9.40 

94.3 

4-  Nitro-2-chloro-  l 

0.2712 

8.25 

79.0 

diazobenzene  ) 

0.2616 

7.77 

77.1 

4-  Chloto-2-nitro-  j 

0.2590 

6.90 

69.2 

diazobenzene*  1 

0.1940 

5.36 

71.7 

TABLE  2 

Determination  of  the  Diazo  Nitrogen  in  N-Nitrotiiazenes 


1 

1  1 

Weight 

1 

Reaction 

1  Found  gas  (inwt. 

1  Calculated  amount  gas 

No.  of 
analyzed 
triazene 

ill? 

conditions 

(temp., 

j  based  on 

1  (in  %),  based  on 

2mol4 

N,  jN,+ireal/ciN,o 

G 

pressure) 

N, 

N,  +  N,0 

Iraole 

N, 

( 

0.0668 

14.9 

22°;  751.7 

24.96 

32.21  ) 

(III) 

0.0640 

13.8 

24.  770.3 

24.51 

31.63 

12.44 

24.88 

31.99 

1 

0.0692 

14.7 

22,  777.8 

24.62 

31.77  1 

( 

0.0486 

10.6 

18.3°  749 

24.74 

31.94  1 

(.11) 

0.0458 

10.0 

18,  749 

24.80 

32.01 

12.44 

24.88 

31.99 

0.0657 

14.4 

20,  747.6 

24.62 

31.78  1 

( 

0.0765 

0.0656 

16.7 

14.2 

21°,  766.6 
20,  765.2 

25.01 

24.90 

32.27  1 
32.14  f 

12.44 

24.88 

31.99 

(IV) 

0.0772 

10.0 

1 

21°,  736.3 

14.26 

18.40 

10.79 

21.58 

27.74 

TABLE  3 

Determination  of  the  Specific  Gravity  of  the  Gas  Formed  in  the  Decomposition  of 
Nilrotriazenes  in  68%  Sulfuric  Acid 


Formula  of  analyzed  sub¬ 
stance 

1st  eas  portion  I 

2nd  gas  portion 

reaction 

cond. 

Weight  of  j 
gas  (g)  1 

gray, 
of  gas 
(gfliter) 

Reaction 

cond. 

We^^t 

gas  (g) 

Sp.  gray, 
of  gas 
(g/liter) 

<_>-n=n-n/ 

1 — ^  ^NO, 

NO] 

22° 

(773.7  mm) 

i - 

0.1162 

1.814 

21° 

(772.5  mm) 

0.0894 

1.390 

<  >-n=n-n( 

^ - f  ^NO, 

NO, 

22° 

(748.6  mm) 

0.1200 

1.936 

23° 

(749.0  mm) 

0.0784 

1.270 

Average  sample  of  the  total  gas 


0,N-/  ^-N=N-N: 


CH, 

NO. 


20° 

(762.8  mm) 


0.1042 


1.633 


*  Boiled  under  reflux  for  3  hours  after  standing  for  24  hours. 

••  The  2nd  gas  portion  is  liberated  in  tlie  course  of  boiling  for  4-5  hours. 


manner  as  before.  The  obtained  results  are  summarized  in  Table  3. 

Taking  the  specific  gravity  of  pure  Nj  as  1.2505,  of  N20as  1.9774,  and  of  their  equimolar  mixture  as 
1.614,  it  cah  be  concluded  that  the  gas  first  liberated  in  the  decomposition  of  the  methylaryltriazenes  is 
mainly  nitrous  oxide,  and  tlien  nitrogen  toward  tlie  end.  This  tendency  is  more  clearly  defined  for  the  nitro> 
triazene  from  2-nltrodiazobenzene  tlian  for  its  analog  from  3-nltrodlazobenzene.  The  specific  gravity  of  the 
average  sample  from  the  total  gas  supports  tlie  fact  diat  the  latter  Is  composed  of  nearly  equal  amounts  of 
nitrogen  and  rlitrous  oxide. 

SUMMARY 

1 .  The  condensation  of  diazo  compounds  with  N- m  ethy  Ini  tram  ine  gave  a  new  series  of  N-nitro* 
triazenes.  Since  the  N-methylnitramine  is  a  very  weak  base,  only  active  diazo  compounds  are  capable  of 
condensing  with  it, 

2.  The  methylaryl-N-nitrotriazenes,  in  contrast  to  previously  known  triazenes,  are  capable  of 
coupling  with  fl-naphthol  in  alcohol  solution  in  the  absence  of  acid.  This  phenomenon  is  explained  by  the 
strongly  electrophilic  character  of  the  nitro  group  linked  to  the  nitrogen  of  the  triazene  chain. 

3.  Besides  the  liberation  of  diazo  nitrogen,  the  heating  of  methylaryl-N-nitrotriazenes  in  dilute 
sulfuric  acid  also  results  in  the  liberation  of  nitrous  oxide.  The  latter  is  formed  as  the  decomposition  result  of 
the  cleaved  methylnitramine;  in  this  connection  the  indicated  reaction  proceeds  at  a  faster  rate  than  does  the 
decomposition  of  the  diazo  compound. 

4.  The  cleavage  of  the  methylaryl-N-nitrotriazenes  into  their  basic  components  becomes  more 
difficult  the  more  electrophilic  the  substituents  in  the  benzene  ring  and  the  greater  their  number. 
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INVESTIGATIONS  ON  IMIDAZOLE  DERIVATIVES 


XV.  NITRATION  OE  BENZIMIDAZOLONE  AND  OF  1,3-DI- 
METHYLBENZIMIDAZOLONE 

L.  S.  Efros  and  A.  V,  Eltsov 


Several  investigators  have  studied  the  nitration  of  benzimidazole  and  its  derivatives;  it  has  been 
suggested  that  in  this  reaction  benzimidazole  derivatives  function  in  the  form  of  cationslll]  (I);  the  latter 
contain  the  equivalent  nitrogen  atoms  of  the  heterocycle  whose  unshared  electron  pairs  activate  the  ortho- 
and  para -positions  of  the  benzene  ring  and  thereby  facilitate  the  entry  of  cationic  substituents. 

It  has  been  established  that  under  the  influence  of  the  imidazole  grouping,  the  electron  shell  of  the 
benzene  ring  of  benzimidazole  is  deformed;  Its  symmetry  is  destroyed,  the  double-bond  character  of  the 
bond  between  the  4-5  and  6-7  carbon  atoms  being  intensified.  In  such  a  molecule  the  directive  effect  of 
the  nitrogen  atoms  of  the  heterocycle  is  transmitted  along  the  chain  of  conjugated  bonds  and  Is  most  strongly 
manifested  in  the  5-and  G-positions  which  are  the  ends  of  the  conjugated  chain  due  to  the  bond  between  these 
atoms  approximating  to  a  single  bond.  Positions  5  and  6  are  consequently  considerably  more  reactive  than 
positions  4  and  7  and  resemble  the  a-position  of  naphthalene  in  their  activity.  Carbon-containing  substit¬ 
uents  in  the  2-|X)sItion  have  no  substantial  influence  upon  the  direction  of  a  cationic  substitution  reaction 
taking  place  in  the  5-  and  6  positions. 

In  the  light  of  the  foregoing  considerations  it  was  of  Interest  to  study  the  nitration  of  2-hydroxy- 
benzlmidazole  or  benzimidazolone  (II).  Results  of  this  study  are  described  below. 

Kym  and  Ratner  [2]  syntliesized  5-nitrobenzimidazolone  (III)  from 
l,2-diamino-4-nitrobenzene  and  urea  and  further  nitrated  it  to  5,6- 
dinitrobenzimldazolone  (IV).  They  were  struck  by  the  facility  with 
which  the  second  nitro  group  entered  the  6-position.  James  and  Turner 
[3]  repeated  the  work  of  Kym  and  Ratner  and  found  that  a  trinitro 
derivative  can  be  readily  prepared  from  5-nitrobenzimidazolone.  They 
assigned  to  this  the  structure  of  4,5,6-trinitrobenzimidazolone  (V). 

In  view  of  tlie  lack  of  systematic  investigations  in  this  field,  we 
started  by  studying  the  nitration  of  benzimidazolone  (II)  itself.  Under  (I) 

very  mild  conditions  (at  0’  and  with  an  equimolar  amount  of  nitric  acid)  benzimidazolone  (II),  dissolved  in 
concentrated  sulfuric  acid,  readily  forms  5-nitrobenzimidazolone  (III)  in  good  yield;  it  was  identical  with  the 
product  obtained  by  tlie  method  of  Kym  and  Ratner  from  l,2-diamino-4-nitrobenzene  and  urea  [2].  We  were 
unable  to  isolate  4-nitrobenzimidazolone  (prepared  by  us  from  urea  and  l,2-diamino-3-nitrobenzene)  from  the 
reaction  products.  This  compound  is  evidently  not  formed  in  appreciable  amount  during  direct  nitration  of 
benzimidazolone.  This  behavior  is  consistent  with  the  above-described  general  properties  of  benzimidazoles. 

Under  the  same  conditions  (but  with  the  appropriate  amount  of  nitric  acid  which  may  be  in  excess  of  the 
theoretical  requirement)  the  benzimidazolone  (II)  also  undergoes  dinitration  with  formation  of  5,6-dinitro- 
benzimidazolone  (IV).  'Phis  dinitro  derivative  is  readily  obtained  under  the  same  conditions  from  5-nItro- 
benzim Ida zo lone  (III). 
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On  attempting,  however,  to  repeat  tlie  experiments  of  Kym  and  Ratner  on  the  nitration  of  5-nitro- 
benzlniidazolone  (III),  which  tiiey  carried  out  In  excess  fuming  nitric  acid  at  a  temperature  reaching  40*, 
we  obtained  a  heterogeneous  product  differing  in  properties  from  6,6-dinltrobenzimidazoloue  (IV).  The 
mixture  of  substances  that  we  obtained  gave  a  dark-red  product  when  shaken  with  an  emulsion  of  aniline  in 
water  (5,6-dinltiobenzimidazoIone  (IV)  does  not  possess  this  property),  and  the  elementary  analysis  gave  a 
nitrogen  content  higher  tlian  that  calculated  for  a  dinltro  derivative.  On  repeating  the  experiment  at 
40-45*  we  obtained,  from  5-nitrobenzlmldazolone(IV),  a  product  in  55  %  yield  which  melted  after  re¬ 
crystallization  at  258*  and  corresponded  in  elementary  composition  to  a  trinitro  derivative  of  benzimidazo- 
lone. 

The  same  product  is  also  obtained  from  benzimidazolone  (II)  v^en  its  solution  is  nitrated  in 
concentrated  sulfuric  acid  at  40*.  The  substance  was  identified  as  the  vicinal  trinitro  derivative  (V)  since 
we  prepared  it  from  5,6-dinitrobenzimidazolone  (IV). 

James  and  Turner  [3]  report  a  melting  point  above  300*  for  the  trinitro  derivative  of  benzimidazole 
that  tliey  prepared.  Unfortunately  it  was  difficult  to  repeat  these  authors*  experiments  since  they  do  not 
state  tlie  temperatures  of  operation  during  nitration. 

James  and  Turner  [3]  mention  that  their  trinitro  compound  reacts  with  great  facility  with  isopropyl¬ 
amine  with  formation  of. an  Isopropylaminodinitrobenzimldazolone,  and  that  they  performed  the  replacement 
of  a  nitro  group  by  the  p-chloroanlline  residue  under  fairly  drastic  conditions  (heating  to  180*  for  1  hour). 
Kym  and  Ratner  [2]  showed  that  under  these  conditions  aniline  also  reacts  with  5,6 -dinltrobenzimidazole 
(IV)  with  formation  of  the  5-phenylamino  derivative. 

In  contrast  to  the  above,  our  4,5,6-trinitro  derivative  reacted  with  aniline  in  water  by  simple  shaking 
in  the  cold  to  give  a  pherrylaminodlnitro  derivative  to  which  we  assigned  the  structure  of  5-(phenylamIno)- 

4.6- dInitrobenzlmidazole  (XIV),  taking  into  account  the  high  lability  of  the  nitro  group  in  the  5-position 
under  the  Influence  of  the  two  nitro  groups  in  the  ortho-position.  The  replacement  of  a  nitro  group  by  the 
aniline  residue  in  this  case  and  in  the  similar  cases  described  below  goes  with  excellent  yield,  and  nitrous 
acid  is  formed.  On  acidification  of  the  reaction  mass,  the  excess  of  aniline  is  diazotized  and  the  resultant 
diazo  compound  Is  detected  by  the  coupling  reaction  with  alkaline  fl  -naphthol. 

Under  very  mild  conditions  (in  the  cold)  4,5, 6-trinitrobenzimidazo lone  (V)  also  reacts  with  p-chloro- 
aniline  to  form  5-p-chlorophenylamino)-4,6-dinitrobenzlmIdazolone  (XVI)  which  James  and  Turner 
obtained  when  performing  the  reaction  at  180*. 

The  astonishing  facility  of  entry  of  the  third  nitro  group  into  the  benzimidazolone  molecule  prompted 
us  also  to  attempt  the  preparation  of  the  vicinal  tetranitro  derivative  (VI)  by  nitration  of  a  solution  of 

4.5.6-  trinitrobenzimidazolone  (V)  In  monohydrate  at  100*.  Tetranitrobenzimidazolone  (VI)  was  readily 
formed  in  65%  yield.  The  latter  readily  gives  the  di-(phenylamino)-dinltro  derivative  (XV)  when  shaken 
with  aniline  in  water  in  the  cold. 

Kym  and  Ratner  [2]  assumed  tliat  benzimidazolone  enters  into  the  nitration  reaction  in  the  tautomeric 
form  of  2-hydroxybenzimidazole.  The  presence  of  the  hydroxy  group  appeared  to  account  for'  the  ease  of 
nitration,  the  steering  of  the  reaction  into  the  5-  and  6-positIons  being  consistent  with  the  properties  of  other 
derivatives  of  benzimidazole. 


H 

I 

.N. 


1  I 


H 


o:> 


OH 


H 


144 


In  order  to  check  tlie  correctness  of  this  expl.i nation,  we  studied  the  nitration  of  ],3-dlrnethylben7,lml- 
dazolone  (VII)  v/hlch  Is  not  susceptible  to  tantonierlsin.  ],;i-DlmetliylbenzliTilda5'.olone  (VII)  was  prepared  by 
the  action  of  dlnietliyl  sulfate  on  an  alkaline  solution  of  benzlrnidazolone  [4],  Nitration  was  found  to  go 
exactly  as  In  tlte  case  of  nitration  of  benzlnildazolonc. 

The  starting  product  (VII)  readily  gave  5-nltro-l;i-dlmcthylbenzlnildazolone  (Vni),  which  is  identical 
with  the  product  of  metliylatlon  of  ri-nltroben/,lnildazolone.  l•■rom  (VIII)  was  syntlteslzed  the  dlnltro  product 

(IX)  whose  structure  was  confirmed  by  preparation  of  the  same  substance  by  methylation  of  b.G-dinltro- 
benzlmidazolone. 


Witli  tlie  same  ease  as  trinitobcnzimidazolone  (V)  and  wltli  equally  good  yield,  4,5,6-trinito-l,3- 
dlmethylbenzlmldazolone  (X)  was  obtained  from  tlie  dlnltro  product  (IX).  When  shaken  with  aniline  in  water, 

(X)  gave  the  bright-red  plieiiylaminodinitro  derivative  (XII). 

4,.'i,f),7-TetTanitro-l,3-dimetliylbenzInildazolone  (XI)  is  prepared  in  a  similar  manner  to  its  non- 
metliylatcd  analog  (VI)  from  the  trinltro  derivative  (X),  but  this  reaction  is  accompanied  by  partial  oxidation 
of  tltc  methyl  groups. 

When  treated  in  the  cold  with  aniline  In  water,  (XI)  gives  a  bright-red  precipitate  corresponding  in 
elementary  composition  to  plienylamlnotriiiitrodlmethylbenzimidazolone.  Brief  heating  of  the  latter  with 
aniline  In  water  leads  to  replacement  of  the  second  nitro  group  by  the  aniline  residue  with  formation  of  the 
dl-(phcnylamino)-dinltro  derivative  of  1,3-dimetliylbenzlmidazolone.  Since  the  labilities  of  the  nitro 
groups  In  tlie  S-  and  6-positions  of  tetranitrobenzlmidazolone  (VI)  and  in  1,3-dimetliyltetranltrobenzlmldazol- 
one  (XI)  must  be  Identical,  it  can  be  assumed  that  stepwise  introduction  of  phenylamino  groups  into  the 
latter  Is  associated  with  the  steric  hindrance  induced  by  the  methyl  groups  during  substitution  of  nitro  groups 
in  positions  4  and  7.  Phcnylamlnotrlnltrodimethylbenzlmldazolone  must  therefore  be  assigned  the  structure 
of  (XIH). 

In  tlie  light  of  tlie  foregoing  considerations  wc can  confidently  assert  that  the  di-(phenylamino)-dInltro 
derivatives  from  4,!i,6,7-tetranitrobenzimidazolone  and  from  4,5,6, 7-tetranItro-l,3-dimetliylbenzimidazol- 
one  (XI)  have  tlie  structures  of  (XV)  and  (XVII)  respectively,  and  not  the  structure  of  5,6-dI-(phenylamfno)- 
4,7-dinitro  derivatives,  for  if  the  contrary  had  been  die  case  it  would  have  been  difficult  to  account  for  the 
difference  in  behavior  of  4,5,6, 7-tetranitrobenzimidazolone  (VI)  and  4,5,6,7-tetranitro-l,3-dimethyl- 
beiizimidazolone  (XI)  when  treated  with  aniline  in  water  in  the  cold. 

The  above-described  products  of  nitration  of  benzimidazolone  and  of  its  1,3-dimethyl  analog  and 
their  interrelation  are  represented  in  die  scheme. 

The  facts  presented,  which  show  that  benzimidazolone  and  its  1,3-dimethyl  analog 'behave  in 
exactly  the  same  manner  during  nitration ,  enable  us  to  refute  die  statement  of  Kym  and  Ratner  1 1]  to  the 
effect  that  benzimidazolone  is  in  the  tautomeric  form  of  2-hydroxybenzimidazole  during  diis  reaction. 

On  the  other  hand,  our  observation  of  the  similarity  in  die  direction  of  nitration  of  derivatives  of 
benzimidazole  and  of  the  two  products  investigated  (with  a  different  structure  of  the  heterocycle)  can  only 
be  explained  on  the  assumption  that  die  latter  add  on  a  proton  to  the  oxygen  (like  urea  in  a  strongly  acid 
medium)  and  enter  into  the  nitration  reaction  in  the  form  of  the  cations  (XVIII)  and  (XIX)  which  do  not 
dli/er  from  die  cations  of  other  derivatives  of  benzimidazole. 


The  exceptional  ease  of  eiiuy  of  four  niuo  groups  with  formation  of  the  tetranitro  derivatives  (VI)  and 

(XI)  can  be  acc  ounted  for  by  die  strongly  activating  influence  on  the  benzene  ring  of  benzimidazolone  and 
1,3-dImetliylbcnzinildazolone  of  die  hydroxy  groups  in  die  2-posftion  of  cations  (XVIII)  and  (XIX). 
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EXPERIMENTAL 


Nitration  of  beiizlnildazolone 

5-Nltrobenziinidazolone.  lOgof  beiizini  Ida  zo  lone  was  dissolved  In  45  ml  concentrated 
sulfuric  acid  (d  1.84)  in  such  a  manner  that  tlie  temperature  did  not  rise  above  10* .  The  solution  was  cooled 
to  0*  and  at  tills  temperature  and  with  vigorous  stirring  a  nitrating  mixture  of  ml  fuming  nlulc  acid  and 
3.7  ml  sulfuric  acid  (d  1.84)  was  added  in  the  course  of  2  hours.  After  stirring  for  a  short  period,  the 
reaction  mass  was  poured  into  water  and  the  precipitate  was  filtered  and  washed  witli  water  until  no  longer 
acid  to  Congo.  The  product  was  treated  witli  1  liter  of  boiling  water  and  filtered  hot.  The  residue  on  the 
filter  was  dissolved  in  boiling  f)07()  alcohol  from  which,  oncooling,  6.25  g  of  long  yellow  fibers  came  down. 
The  product  melted  at  306’  and  did  not  give  a  depression  of  melting  point  in  admixture  with  5-nitrobenzl- 
midazolone  prepared  from  l,2-diamino-4-nitrobenzene  and  urea  [2]. 

Another  3.1  g  of  5-nItrobenzlmidazolone  was  isolated  after  prolonged  purification  of  the  precipitates 
from  tlie  aqueous  extract  and  of  the  concentrated  alcoholic  motlier  liquor.  Yield  68.57o  calculated  on  the 
pure  product. 

4  -  N 1  tr o  b e n  z  i  m  1  d  a  zo  lo  n e .  0.25  g  l,2-diamino-3-nitrobenzene,  prepared  by  Borsche's  method 
[6]  from  2,6-diiiio-oaniline,  was  tlioroughly  mixed  with  0.5  g  urea  in  a  porcelain  crucible,  and  the  mixture 
was  slowly  heated  on  an  oil  bath.  Tlie  mixture  fused  at  140’  and  the  melt  solidified  at  190’  after  holding 
at  that  temperature  for  a  short  time.  The  mass  was  then  cooled  and  dissolved  with  gentle  heating  in  77o 
caustic  alkali;  die  solution  was  filtered  and  the  modier  liquor  was  neutralized  with  hydrochloric  acid.  The 
precipitate  was  washed  with  water  and  dried,  and  tlien  recrystallized  from  a  large  volume  of  alcohol. 
4-Nltrobenzimidazolone  is  obtained  in  the  form  of  light-greenish  flakes  which  decompose  at  342"  without 
melting. 

Found  7o:  N  23.35,  23.03.  C7H5O3N3.  Calculated  7,;  M  23.46. 

5 . 6-  D  i  ni  tr  o  b  en  zi  m  1  da  zo  lo  ne.  a)From  be  n  zim  I  d  a  zo  lo  n  e .  2  g  benzimidazolone  was 
dissolved  In  13  ml  H2SO4  (d  1.84)  at  6-10"  and  to  the  stirred  solution  was  added  a  nitrating  mixture  of  2  ml 
fuming  nitric  acid  and  7  ml  sulfuric  acid  (d  1.84)  in  such  a  manner  that  die  temperature  of  the  reaction 
mass  did  not  rise  above  0*.  After  an  hour’s  stirring,  the  reaction  mass  was  poured  into  ice  and  the  precipitate 
was  recrystallized  from  a  large  volume  of  water  or  reprecipitated  from  dilute  caustic  alkali  solution  with 
hydrochloric  acid.  Yield  947o  reckoned  on  the  crude  product.  The  product  was  identical  widi  that  obtained 
by  nitration  of  5-nitrobenzimidazolone  to  die  dinitro  derivative. 

b)From  5-nitrobenzimidazolone.  2g  5-nitrobenzimidazolone  was  dissolved  in  15  ml 
sulfuric  Fcidr(dT.784) Til  sucira~manner  tiiat  tlie  temperature  did  not  rise  above  10".  The  solution  was 
cooled  to  0"  and  dropwise  addition  was  made,  with  vigorous  stirring,  of  a  nitrating  mixture  comprising  0.75 
ml  fuming  nitric  acid  and  10  ml  sulfuric  acid  (d  1.84).  The  reaction  mass  was  stirred  one  hour  at  0"  and 
poured  into  ice.  The  precipitate  was  collected  and  washed  with  water.  Recrystallization  from  a  large 
volume  of  water  gave  long  needles  which  did  not  melt  at  315"  .  Yield  747o  reckoned  on  the  pure  product. 

Found  7,;  C  37.69;  H  2.08.  C7H4O5N4.  Calculated  C  37.51;  H  1.80. 

4.5.6- Trinitrobenzimidazoloiie.  To  2g  benzimidazolone,  dissolved  In  13  ml  sulfuric  acid 
(d  1.84)7  was  added  dropwise,  with  stirring,  a  nittating  mixture  of  2  ml  fuming  nitric  acid  and  7  ml  sulfuric 
acid  in  such  a  manner  tliat  the  temperature  did  not  rise  above  40";  it  was  tlien  held  for  a  short  period  at  46’. 
The  reaction  mass  was  poured  into  ice,  and  the  precipitate  was  filtered,  washed  with  water  and  re- 
crystallized  from  a  large  volume  of  water.  Yield  75%  reckoned  on  the  pure  product 

The  same  substance  was  obtained  by  adding  3  g  of  5-nitrobenzlinldazolone  to  24  ml  fuming  nitric 
acid  at  a  temperature  of  40-45"  and  tlien  pouring  the  reaction  mass  into  ice.  The  precipitate  was  re¬ 
crystallized  from  a  large  volume  of  water.  Yield  55%  reckoned  on  the  pure  product.  It  was  identical  with 
tlie  product  obtained  from  5,6-dinitrobenzlmidazolone.  4.5,6-TrInitrobenzimidazolone  forms  small  needles, 
melting  unsharp ly  at  258". 
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round  '7..:  C  31.55;  II  1.77;  N  ‘JG.32.  25.83.  CTlijOyNg.  Calculated  C  31.24;  H  1.12;  N  20.02. 


Trlnltrobenziniida/.olone  readily  forms  a  plienylamlnodinitro  derivative  when  shaken  in  die  cold  with 
an  aqueous  emulsion  of  aniline.  0.25  g  of  trlnitrobenzimidazolone  was  stirred  in  the  cold  for  half  an  hour 
wltli  25  ml  of  10'7)  aniline  in  water.  I  he  reaction  mass  was  then  acidified  with  hydrochloric  acid  to  remove 
die  excess  of  aniline.  After  filtration  and  washing,  die  precipitate  was  dried  and  recrystallized  from 
glacial  acetic  acid  and  dien  from  ethyl  acetate.  5-(Phenylaniino)-4,6-diiiitrobenziniidazolone  forms  fine, 
red  needles  melting  at  284*. 

round  "/o:  N  22.31,  22.28,  C13II9O5N5.  Calculated  '’/o:  22.22. 

5-(p-Chlorophenylamlno  )-4,6-dinltrobenzlmldazolone  was  prepared  by  mixing 
O.G  g  p-chloroanlline  (in  8  mrafcohol)  with  a  solution  of  1.1  g  4,5,6-trinitrobeiizlmidazolone  in  15  ml 
alcohol  and  40  ml  acetone.  The  mixture  was  kept  in  the  cold  for  2  days,  evaporated  on  a  water  bath  to  1/4 
of  its  volume  and  cooled.  The  precipitate  was  recrystallized  from  alcohol.  M,  p,  309°  (decomp.).  Micro¬ 
scopic  dark-red  needles.  Yield  0.4  g  of  analydcally  pure  substance. 

1-ound  C  44,91}  11  2.50.  CuHgO^NgCl.  Calculated  C  44.G5;  H  2.30. 

4,5,G,7-Tetranitrobenzimidazolone.  4.15  gof  benzimidazolone  was  dissolved  in  30  ml 
concentrated  sulfuric  acid  and  addition  was  made  to  the  reaction  mass  at  30-40"  of  6  ml  fuming  nitric  acid 
mixed  wiili  19  nil  concentrated  sulfuric  acid.  The  reaction  mass  was  then  poured  into  ice.  The  precipitate 
was  washed  with  water  until  neutral  to  congo  and  dried.  Weight  of  precipitate  7  g.  The  dry  precipitate 
was  then  put  into  a  mixture  of  24  ml  fuming  nitric  acid  (d  1,5)  and  59  ml  monohydrate  and  the  mixture 
was  heated  on  a  Ixjlling  water  batli  for  30  minutes  and  then  poured  into  ice.  Weight  of  precipitate  5  g. 

After  recry'sta  llization  from  chlorobenzene  containing  acetone,  the  compound  had  the  form  of  stout,  large 
needles  containing  chlorobenzene  and  losing  it  after  drying  for  4  days  at  100°.  M.  p.  31T  (decomp.  ). 

round  <70:  C  27,05;  H  0.93;  N  26.70,  26.  48.  CjHzOgNe.  Calculated  C  26.75;  H  0.64;  N  26.76. 

Tetranitrobenzimidazolone  is  converted  into  the  di-(phenylamino)-  derivative  when  shaken  in  the 
cold  with  aniline  in  water, 

4,G-Di-(phenylamino)-5,7-dinitrobenzimidazolone  is  obtained  as  dark-red  microscopic  crystals  when 
recrystallized  from  glacial  acetic  acid.  The  crystals  are  easily  electrified.  M.  p.  287°  with  decomposition. 

round  '7^:  C  55.88;  H  2.45;  N  20.66,  20.71.  CyHj405N6.  Calculated  <7o;  C  56.18;  H  3.45;  N  20.69. 
Nitration  of  1,3-dimethylbeiizimidazolone 

5-Nitro-l,3-dimethylbenzimidazolone  was  obtained  botli  by  nitration  of  1,3-dimethyl- 
benzimidazoloiie  and  by  methylation  of  5-niu-obenzimidazolone, 

Nitration  was  performed  under  the  same  conditions  as  tlie  nitration  of  benzimidazolone  to  the 
moiionitro  derivative.  The  crude  product  was  recrystallized  from  a  large  volume  of  water  and  then  from  a 
very  much  smaller  volume  of  alcohol.  The  precipitate  formed  after  cooling  was  contaminated  with  dinitro 
product.  After  sliglit  concentration  of  tlie  alcoholic  mother  liquor,  slightly  greenish,  beautiful  needles  of 
5-nitro- 1,3-dirncthylbenzimidazolone  came  down.  M.  p.  204-205°.  Yield  GO^. 

24  g  of  5-nitrobenzimidazolone  was  dissolved  by  heating  in  300  ml  sodium  hydroxide.  Dropwise 
addition  was  then  Inade  at  80°  and  with  good  stirring  of  28  mi  dimethyl  sulfate.  The  precipitate  partly 
dissolved  when  35  ml  of  35'7o  sodium  hydroxide  was  added  to  the  reaction  mass  and  appreciably  increased 
in  size  when  dropwise  addition  was  made  of  28  ml  dimethyl  sulfate.  Tlie  temperature  of  the  reaction  mass 
was  raised  to  00’  by  external  heating,  10  ml  of  35*70  sodium  hydroxide  was  added,  and  die  stirred  reaction 
mass  was  lieatcd  for  an  hour.  The  precipitate  was  filtered,  washed  with  water  until  free  from  alkali,  and 
recrystallized  from  alcohol.  Yield  657o  reckoned  on  die  pure  product.  The  compound  melts  at  205-206* 


% 
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and  does  not  give  a  depression  of  melting  point  in  a  mixed  test  with  tlic  product  of  direct  mononitration  of 
l.-'t-dimethylbcnzimida'/olonc. 


I'ound  <51.:  C  ri2.:irn  II  4.(!H,  N  20. 2«.  20r,;t.  Conciliated  C  52.17;  II  /l.nS:  N  20.28. 


^0  -  D1  ni  tr  o  -  1 , 8  -  d  1  111  c  thy  1  he  n '/im  I  da /o  lo  lie ,  a)  l-'rom  5  -  n  i  tro  -  1 ,  .'1  -  dimethyl- 
ben  zi  m  i  d  a  zo  lo  n  c.  1.85  g  of  5-iiiiro-l,8-dimclhyibcn’/,imidazolonc  was  dissolved  in  cone,  siirfiiric 
acid  (d  1.84)  at  a  temperature  below  lo"  and  to  the  solution  was  added  a  mixture  of  0,6  ml  fuming  nitric 
acid  and  5  ml  sulfuric  acid  (d  1.84)  at  below  0",  After  one  hour's  stirring,  the  reaction  mass  was  poured 
into  ice  and  the  precipitate  was  rccrystalli/ed  from  atiiieous  acetic  acid.  The  stout,  red  needles  of  5,6- 
dinltro- l,3-dlmcthylbcnzimlda7olonc  melt  at  295”. 

b  )  From  5 , 6  -  d  I  n i  Ir o  b e  n  z  I  m  i  d  a  zo  1  o  n  c .  2  g  5,G-dinitrobenzimldazolone  was  dissolved 

wltli  genUe  licaiing  in  20  ml  of  l^/o  caustic  aihali,  and  dropwise  addition  of  2  ml  dlmetliyl  sulfate  was  made 
at  60-65* ••  followed  by  16  ml  5%  alkali.  The  solution  was  heated  to  90'  and  a  further  2  ml  dlmetliyl 
sulfate  and  16  ml  alkali  was  added.  Tlie  reaction  mass  was  stirredat  the  boll  for  1  hour  and  10  ml  5*70  alkali 
was  added.  After  cooling,  the  precipitate  was  filtered,  waslied  with  water  until  free  from  alkali  and  re¬ 
crystallized  from  acetic  acid.  Yield  70'7o  reckoned  on  tlie  pure  substance.  The  product  rnelLs  at  295*  and 
does  not  give  a  depression  of  melting  point  in  admixture  with  the  product  of  direct  mononitration  of 
5-nltro-l,9-dimeiliylbenzitiiida/olonc. 


|•ound  %:  N  22.46, 


‘.:2,:)8.  CgligD^N^.  Calculated '■/:  N  22.22. 


4 , 5 , 6  -  Tr  1  n  i  t ro  -  1  .  3  -  d  1  m  e  th y  1  be  n  z  1  rn  i  d  a  zo  lo  n e.  a)  1  g  of  5, 6-dInltro- 1,3-dim ethyl- 
benzlmidazolone  was  added  at  35-45"  to  16  ml  fuming  nitric  acid.  The  reaction  mass  was  then  poured  into 
ice  and  tlie  precipitate  was  collected  and  waslied  witii  water.  Recrystallization  from  l  it)  ml  50%  acetic 
acid  gave  0.7  (63.5%)  of  thin  plates  vMith  m.p.  207*. 

b)  The  same  product  was  also  obtained  by  dlnitratiiig  5-nitro-l,3-dimethylbenzimidazx)lone.  0.5  g 
of  tlie  latter  was  added  to  6  ml  fuming  nitric  acid  and  the  reaction  mass  was  later  poured  into  water.  The 
precipitate  was  recrystallized  from  aqueous  acetic  acid.  Yield  53%. 

l•ound  %:  C  36.29,  36.38;  II  2.52,  2.39;  N  23.55,  23.60.  CglltO^Ng.  Calculated  %;  C  36.37^  II  2.37; 

N  23.57. 

Preparation  of  5-(phcnylamiiio)-4,6-dinitro-l,3-dimethyIbcnzimidazolone  from  4,5,  6-trlnitro-l,3- 
dimelhylbenzirnidazolonc  was  effected  by  a  metliod  similar  to  that  used  for  the  preparation  of  5-(phenyl- 
amiiio)-4,6-dInitrobenzimidazolone.  The  yield  of  crude  product  was  approximately  quantitative.  The 
compound  forms  bright-red  needles,  crystallizing  from  glacial  acetic  acid.  M.  p.  204*. 

round  %:  N  20.22.  20.45.  C^HijOsNs.  Calculated  N  20.41. 

4 , 5 , 6 , 7  -  Tc  tr  an  i  tro  -  1 , 3  -  d  I  rn  e  t  It  y  1  b  e  ii  z  i  m  i  d  a  zo  lo  n  e .  5  g  of  1,3-dimethylbenzlmidaz- 
olone  was  added  In  small  portions  to  30  ml  monoTiydrate  at  40*  and  to  the  reaction  mass  was  added  6  ml 
fuming  nitric  acid  dissolved  in  10  ml  sulfuric  acid  (d  1.84).  The  mass  was  run  into  ice  and  tlie  precipitate 
was  collected,  washed  with  water,  dried  and  put  into  a  mixture  of  15  ml  fuming  nitric  acid  and  45  ml 
monohydrate,  'i’he  mass  was  heated  15  minutes  on  a  Ixjiling  water  bath;*  a  crysuilline  product  floated 
to  tlie  surface  and  was  filtered  on  a  glass  filter.*  *  The  precipitate  was  washed  on  the  filter  wltli  a  mixture 
of  5  ml  fuming  nitric  acid  and  5  ml  monohydrate,  llien  with  2  ml  glacial  acetic  acid  and  a  large  amount  of 
water.  Recrystallization  from  glacial  acetic  acid  gave  very  thin  rhombic  plates  of  analytically  pure  4, 5,6,7- 
tetranitro-l,3-dimethylbenzimldazolonc,  decomposing  at  alxiut  290*  with  copious  evolution  of  gas.  Yield 
53%. 

l-ound  %:  C  32.03;  II  1.80.  N  24.43.  CgllcDgNg.  Calculated:  C  31.59;  H  1.77;  N  24.56. 


•  If  heated  for  a  longer  period  the  precipitate  gradually  dissolves  and  gas  is  evolved. 

••  Wlien  the  mother  liquor  is  poured  into  ice,  a  precipitate  is  formed  which  after  recrystallization  from  acetic 
acid  consists  of  a  mixture  of  products  of  o.xidation  of  the  methyl  groups  of  tetranitrodimethylbenzimidazole. 
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Treatment  of  1,2  g  4,5,6,7-tetraiiltro-],3-dItnctliylbeiizliniclazolone  with  aniline  in  water  (5  ml 
aniline  In  60  ml  water)  In  tlie  cold  led  to  Instantaneous  formation  of  a  red  substance  which  dissolved 
completely  In  die  excess  of  aniline.  After  .'tOmlnntcs  stirring,  the  reaction  mass  was  slowly  acidified 
with  hydrochloric  acid  (U)  ml  d  1.19)  and  die  precipitate  was  filtered,  washed  with  water,  dried  from 
glacial  acetic  acid  and  treated  with  ciiloroform.  The  CHCljSolutlon  was  filtered  and  diluted  with  glacial 
acetic  acid.  5-(Phenylamino)-4,G,7-trlnItro-l,3-dlmethylben/,imlda-/ole  came  down  on  standing. 
Microscopic,  brlglit-rcd  needles  with  m.  p.  176-176*. 

Pound  C  46.24;  H  3.02;  N  21.73,  21.62.  CViuOTNe.  Calculated  %:  C  46.41;  11  3.11;  N  21.65. 

A  mixture  of  the  above-described  compound  and  4,5,6,7-tetranItro-l,3-dimethylbenzlmldazolone 
was  subsequently  separated  from  the  mother  liquors  after  purification  of  the  former.  This  mixture  was 
treated  for  1  hour  with  boiling  lO^o  aniline-ln-water  (25  ml).  The  precipitate  formed  after  acidification 
was  recrystallized  from  glacial  acetic  acid  and  then  from  a  mixture  of  ethyl  acetate  and  benzene.  The 
resultant  light-red,  easily  electrified  microscopic  crystals  with  m.  p.  261*  correspond  In  structure  to  5,7-dl- 
(phenylamino)-  4,6-dinitro-l,3-dlmethylbenzImldazolone. 

Pound  C  58.37;  H  3.38;  N  19.58;  19.37.  CziHigOgNe.  Calculated  "fo:  C  58.  06;  H  4.18;  N  19.35. 

SUMMARY 

1.  Benzlmidazolone  and  1,3-dlniethylbenzimidazolone  undergo  nitration  with  remarkable  facility 
with  formation  successively  of  the  5-nitro  derivative,  the  5,6-dlnitro  derivative,  the  4,5,6-trlnltro 
derivative  and,  as  tlie  product  of  exhaustive  nitration,  the  vicinal  tetranitro  derivative. 

2.  The  trinitio  and  tetranitro  derivatives  of  benzlmidazolone  and  1,3-dlmethylbenzImidazolone 
undergo  replacement  of  their  labile  nitro  groups  by  aniline  in  the  cold. 

3.  The  similarity  in  the  direction  of  nitration  of  benzlmidazolone  and  1,3-dlmethylbenzlmIdazol- 
one  on  the  one  hand  and  that  of  other  benzimidazole  derivatives  on  the  other  hand  confirms  the  previously 
enunciated  [4]  hypothesis  of  tlie  formation  by  benzlmidazolone  and  Its  analogs  of  cations  In  a  strongly  acid 
medium,  due  to  the  addition  of  a  proton  from  the  medium  to  an  oxygen  atom.  The  results  also  reveal  the 
untenability  of  tlie  claim  that  benzlmidazolone  functions  in  this  reaction  in  the  tautomeric  form  of  2- 
hydroxybenzlmidazole. 
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INVESTIGATION  OI-  MYRCENE  DIOXIDE 


G.  V.  Plgulevsky  and  N,  A.  Adrova 

In  a  communication  [1]  on  the  preparation  of  myrcene  monoxide  we  assigned  the  structure  of  2,3- 
oxido-2-methyl-6-metliylene-octene-7  to  this  substance. 


H,C^ 


/^\ 

C — CH-CH2-CH2-C-CH=CH 


2 


Myrcene  dioxide  is  a  co-product  of  tlie  preparation  of  the  monoxide  by  the  oxidation  of  myrcene  with 
acetyl  hydroperoxide.  Formation  of  die  dioxide  goes  at  the  expense  of  partial  polymerization  of  myrcene 
and  release  of  an  excess  of  active  oxygen. 

The  objective  of  die  present  work  was  die  elucidation  of  the  structure  of  myrcene  dioxide  and  the  study 
of  some  of  its  properties. 

We  resorted  to  optical  methods  for  elucidation  of  the  structure  of  myrcene  dioxide  since  It  is  hardly 
possible  to  obtain  unambiguous  results  by  chemical  methods.  One  oxide  ring  in  myrcene  dioxide  is  undoubt¬ 
edly  in  the  same  position  as  In  myrcene  monoxide.  The  position  of  the  second  ring  remains  uncertain.  Three 
variants  are  possible:  an  oxide  ring  is  formed  by  carbon  atoms  8  and  6’  of  (I),  an  oxide  ring  is  formed  with 
participation  of  carbon  atoms  7  and  8  of  (11),  and  an  oxygen  atom  is  linked  to  carbon  atoms  6  and  6'  of  (HI). 


HgC.  /®\ 

>c: — CH-CH2-CH2— c=ch-ch2 

H,C/  .1  / 

CH,— 0 

(I) 

HgC.  /°\ 

>c —  ch-ch2-ch2-c-c:h-cho 

H;,C'  II 

CHz 

(11) 

H;,C.  /^\ 

>C—  CH-CH2-CH2-C-CH=CH2 

H:.C/  |\o 

(ID) 

CH.2 


We  plotted  the  Raman  spectrum.  The  spectrum  of  myrcene  dioxide  contains  a  line  witli  tlie  frequency 
<^1/1639  cm— ^  v  which  is  characteristic  of  a  primary-secondary  double  bond  [2].  A  prim  ary- secondary  bond 
is  present  in  formula  (III).  In  the  case  of  a  secondary-tertiary  or  primary-  tertiary  bond  (I  or  11)  the  spectrum 
should  contain  lines  with  the  frecinencies  AvlG75  cm— ^  and  1653  cni-:^  ,  but  such  lines  are  absent  from  the 
spectrum  plotted. 

We  therefore  arrived  at  the  conclusion  that  tlie  structure  of  2,3,6,6*-di-oxido-2  methyl-6-methylene- 
octene-7  (IE)  must  be  assigned  to  myrcene  dioxide.  Tills  formula  is  also  consistent  witli  tlie  presence  in  the 
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spertrum  of  a  line  witli  the ^ frequency  Ay.'UIIO  cni— which  Is  cliaracleristic  of  the  dcformatloii  vibration  6 
(CH)  inherent  In  tlie  group. 


Mytrcnc  dioxide  was  subjected  to  hydrogenation  in  presence  of  platinum  black.  Tlie  Rarnan  spectrum 
Is  deficient  in  lines  with  frequenrics  characteristic  of  double  bonds.  Tlie  line  with  the  frequency  A  1/3010 
cm— ^  also  disappeared. 


Dlhydromyrcene  dioxide  must  accordingly  possess  the  structure  of  2,3,6,6*-dIoxido-2-methyl-6-methyl- 
eiie-octane. 

EXPERIMENTAL 


Myrceile.  Linalool  from  coriander  oil  was  subjected  to  dehydration  over  iodine  at  reduced  pressure 
(130-160  mm)  as  described  by  B.  A.  Arbuzov  |3]. 


Constants  of  myreene:  b.  p.  hT  (13  mm),  d^  0.8077,  n^  1,4737,  MR^  47.71;  calc.  46.97. 

The  Raman  spectrum  Indicates  the  presence  of  the  A  -form. 

Myreene  dioxide.  Oxidation  of  myreene  (0.81  mole)  with  acetyl  hydro-peroxide  (0.94  mole) 
in  ether  solution  gave,  apart  from  myreene  monoxide  (73-75°  at  14  mm),  a  fraction  with  b.p.  104-106° 

(18  mm). 

d®*  0.9438,  1.45145,  MR  48.02.  CioHigOzP  Calc.  46.80. 

4  D  D  10  16  zi 

round  o;o:  C  71.11,  71.20;  H  9.83,  9.76.  M  164.9,  164.7  CioHjgOz.  Calculated  C  71.34;  H  9.49.  ' 
M  168. 


Catalytic  hydrogenation  of  myreene  dioxide.  20  g  myreene  dioxide  was  taken  with 
2  g  platinum  oxide.  Total  volume  of  hydrogen  taken  up  was  2630  ml  (0°  and  760  mm);  calculated  volume 
2666  ml.  The  product  of  hydrogenation  was  distilled  to  give  a  fraction  with  b.  p.  79-81°  (12  mm); 

d“  0.8956,  n^  1.4175,  MR  47.78.  CioHigO,.  Calc.  47.24. 

4  D  D  10  18  z 

round  <^0:  C  70.15,  70.38;  H  10.73,  10.88.  CioHigOz.  Calculated  f/o:  C  70.59;  H  10.59. 

Ram  an  spectra.  The  spectra  were  obtained  witli  the  help  of  anISP-51  three-prism  spectrograph. 
Exposure  for  4  and  6  hours  with  a  slit  width  of  0.01  mm. 

Spectrum  o  f  m  y  rcene  (  ^  y  ):  896  (1).  1166  (1),  1239  (1),  1291  (3),  1321  (1).  1370  (1), 

]420-i457(iyri633  (lOX  1676  (2),  2862  ("O),  2926  (1),  2973  (0),  3014  (1),  3059  (0),  3100  (0). 

Spectrum  of  myreene  dioxide  (Ay):  679  (4),  1118  (1),  1164  (1),  1285  (2),  1322  (3), 
1380  (27.  1417  (4),  1465  (1)‘  1639  (10).  2923  (2),''2^3  (1),  3010  (1). 

Spectrum  of  hydrogenated  myreene  dioxide  (Ay  ):  197  (1),  615  (1).  636  (1). 

680  (27T45  (1),  797  (2)-  826  (1),~869  (17^972  (1),  103'5^  1061  ("l).  1088-1104  (1).  1144  (1>-  1164  (0), 

1207  (1).  1287  (1),  1345  (1).  1383  (1).  1432  (3).  1467  (3).  2928  (4),  2972  (2). 


SUMMARY 

Myreene  dioxide,  formed  during  the  oxidation  of  myreene  with  acetyl  hydroperoxide,  can  be  assigned 
the  structure  of  2,3,6,6*-dioxide-2-metliyl-6-methylene-octene-7  (III). 

ilihydromyreene  dioxide  is  formed  on  hydrogenation  of  myreene  dioxide. 
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2- PROPYLC  AMIMIANE  AND  ITS  DERIVATIVES 


A.  S.  Zabrodina,  K.  M.  Suvorova  and  S.  Z.  Shcinlna 


Camphane  and  Its  derivatives  have  been  the  subject  of  numerous  Investigations  for  a  long  time, 
whereas  relatively  little  attention  has  been  paid  to  homologs  of  camphane. 


2-Allylcamphane  (I)  can  be  used  for  die  synthesis  of  homologs  of  camphane  with  substituents  in  the 
2-posltion  and  having  the  composition  Cy  and  liigher.  2-Allylcamphane  is  obtained  by  the  action  of  allyl 
bromide  on  tlie  product  of  reaction  of  magnesium  with  bornyl  chloride  |1,  2]. 

It  was  established  [2]  that  the  action  of  magnesium  on  bornyl  chloride  (trans)  gives  a  mixture  of 
approximately  equal  amounts  of  bornyl  magnesium  chloride  (trans),  isobornyl  magnesium  chloride  (cis) 
and  bornyl-isobornyl-magnesium,  due  to  whicli  a  mixture  of  cis-  and  trans-isomers  ought  to  be  obtained 
by  subsequent  treatment  with  reactants.  It  was  also  shown  [1,  3]  tiiat  the  speed  of  reaction  of  borii  carbon 
dioxide  and  allyl  bromide  with  bornyl  magnesium  chloride  is  higher  dian  with  isobornyl  magnesium  chloride, 
so  that  with  an  insufficient  amount  of  carbon  dioxide  a  mixture  of  acids  with  a  predominating  content  of 
trans-isomer  is  obtained,  i,  c.,  bornyl  carboxylic  acid,  while  the  action  of  an  insufficient  amount  of  allyl 
bromide  on  tiie  Grignard  compound  gives  trans-2-allylcamphane  wiiich  Riviere  [2]  accordingly  called 
"  allyl-lx)rnyl"  [  ]. 

Riviere’s  allyllxjrnyl  was  evidently  not  Isolated  in  the  pure  state  since  it  had  a  3-degree  boiling  range  and 
and  no  analysis  was  reported. 

In  a  study  of  the  chemical  transformation  of  2-allylcamphane  we  established  that  it  adds  on  hydrogen 
witli  facility  to  form  2-propylcaniphane  (II),  and  also  bronrine  to  give  2-(  8,  y-dibromopropyll-camphane 

(HI). 

Addition  of  hydrogen  bromide  (dissolved  in  glacial  acetic  acid)  to  2-allylcamphane  does  not  follow 
the  Markovnikov  rule,  a  good  yield  of  2-(  y-bromopropyl)-camphane  (VI)  being  obtained.  Addition  of 
hydrogen  bromide  In  an  aqueous  medium  to  2-allylcamphane  is  likewise  mainly  contrary  to  the  Maricovnlkov 
rule  altliougli  tlie  yield  is  very  much  poorer.  The  structure  of  2-(7-bromopropyl)-caniphane  was  veritied  by 
heating  it  with  sodium  acetate  in  glacial  acetic  acid  to  form  2-(  y-acetoxypropyi)-c.amphane  (V)  in  good 
yield,  and  by  saponification  of  the  latter  to  form  2-  (  y- hydroxypropyl)-camphanc  (VI).  Determination  of 
the  content  of  primary  ak^ohols  by  the  method  of  Radcliffe  and  Cliadderton  [4]  showed  that  die  alcohol 
obtained  is  primary.  Oxidation  of  2-  (ydiydroxypropyl)-camphane  both  with  potassium  permanganate  and  widi 
potassium  dichromatc  gave  camphane-2-propionic  acid  (VII),  which  affords  further  confirmation  of  the 
structure  of  tlie  alcohol  prepared.  The  main  product  of  oxidation  of  2-(  y-hydroxypropyl)-camphane  widi 
potassium  dichrornate  was  die  camphane-2-propionate  of  2-(y  -hydroxypropyl)-camphane  (VIII). 

We  deviated  from  Riviere's  procedure  in  taking  an  excess  of  allyl  bromide  for  die  preparation  of  2-allyl- 
camphanc.  Since,  however,  die  yield  of  hydrocarbon  did  not  exceed  30%  and  since,  as  was  established  |2], 
allyl  bromide  reacts  selectively  with  bornyl  magnesium  chloride  to  give  mainly  a  trans-isomer,  we  suggest 
diat  2-allylcamphane  and  all  die  compounds  diat  we  prepared  from  it  are  predominantly  trans-isomers. 


H,C 


H.C 


- CH - 

CHg 

H2C 

- CH - 

1 

H.C-C-CHs 

1 

1 

CHCH2CH--CH2 

s 

HjC 

C 

_ ^ _ 

CHj 

(1) 

r 

CH3 

ill'. 

CH, 


JCHCH^CHjCHa 
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EXPERIMENTAL 

2-Allylcamphane  (I).  4g  ethyl  bromide  in  8  ml  absolute  ether  was  added  to  15  g  magnesium. 
After  tlie  reaction  had  commenced,  a  solution  of  100  g  bornyl  chloride  in  150  ml  absolute  etlier  was 
gradually  added  dropwise  with  constant  stirring,  after  which  the  mixture  was  heated  for  2  hours  on  a  water 
batli.  To  the  reaction  mixture  was  then  slowly  added  (dropwise)  a  solution  of  110  g  allyl  bromide  in  110  ml 
absolute  ether  while  cooling  with  ice.  The  mixture  was  allowed  to  stand  overnight.  Decomposition  was 
effected  with  dilute  ainmoniura  chloride  solution  with  addition  of  ice.  The  feaction  product  was  extracted 
with  ether.  After  removal  of  the  ether  the  residue  was  distilled  witli  steam  to  separate  it  from  the  difficultly 
volatile  dlboriiyl.  The  product  was  dried  with  calcium  chloride,  boiled  for  2  hours  over  sodium  and  frac¬ 
tionated.  Yield  37  g  2-allylcamphane. 

B.  p.  216.5  -217*  (753.5  mm),  81-81.5*  (9  mm),  d“  0.8753,  n^  1.4759;  MR^  57.44;  Calc.  57.37. 

Found  <7-;  C  87.66;  H  12.34.  €131122.  Calculated  %f.  C  87.56;  M  12.44. 

Literature  data  for  "allylbornyl"  (2-allylcamphane)  [2]:  B.  p.  89-92"  (15  mm),  d^*  0.898,  nj*  1.4815. 

2-Propylcamphane  (II).  5.3  g  2-allylcamphane  in  10  ml  methyl  alcohol  was  hydrogenated  in  presence 
of  platinum  black  (0.1  g)  at  room  temperature.  The  product  of  hydrogenation  was  filtered  from  catalyst  and 
diluted  with  water;  the  hydrocarbon  layer  was  separated  and  shaken  with  concentrated  sulfuric  acid.  The 
2-propylcamphane  was  washed  with  water,  dried,  boiled  over  sodium  and  distilled. 

B.p.  219-219.6’  (753.5  mm),  dj®  0.8639,  n{5  1.4669;  MRp  57.83;  calc.  57.77. 

Found  °}oi  C  86,42,  86.53;  H  13.35,  13.25.  Calculated  86.68;  H  13,42. 

2-(8,  7  -Dibromopropyl)-camphane  (III).  To  5  g  2-allylcamphane,  dissolved  in 
15  ml  chloroform,  was  added  a  solution  of  4.6  g  bromine  in  7  ml  chloroform  while  cooling  with  ice.  The 
reaction  liquid  was  washed  with  sodium  carbonate  solution  and  dried.  The  chloroform  was  driven  off  and 
the  residue  distilled  in  vacuum  to  give  7  g  2-(6,  7-dibromopropyl)-camphane. 

B.  p.  134.5-  135’  (3,5  mm);  d“  1.4213,  ng  1.5310.  MRp  73.62,  calc.  73.36. 

Found  %:  C  46.39,  46.34;  H  6.55,  6.56;  Br  47.10,  47.26.  CiallzaBrz.  Calculated  C  46,17;  H  6.55; 

Br  47.27. 
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2-(  y-Broniopropyl)-camphane  (IV).  27.5  g  2-allylcampliane  was  shaken  w'jth  57  ml 
saturated  solution  of  hydrogen  bromide  In  glacial  acetic  acid  for  BO  hours.  The  reaction  product  was  poured 
Into  water,  tlie  resultant  oil  was  separated,  diluted  with  etlier,  waslied  with  sodium  bicarbonate  solution  and 
then  with  water,  and  dried.  Distillation  gave  35.5  g  2-  (y -bromopropyl)-camphane. 

B.  P.  122-123*  (3.5  mm),  d“  1.1098,  n*®  1.5023,  MR  65.44;  Calc.  65.60. 

'  4  D  D 

Pound  70!  C  60.47,  60.31;  H  8.78,  8.81;  Br  30.83,  30.79.  CuMjaBr.  Calculated  7,:  C  60.23;  H  8.93; 
Br.  30.83. 


2-  (  y  -  A  ce  to  X  y  pr  o  py  1 )  -  c  a  ni  p  h  a  lie  (V).  15  g  2-(y-bromopropyl)-camphane  was  introduced 
dropwise  with  stirring  and  heating  to  150-153®  into  10  g  of  fused  sodium  acetate  in  20  ml  glacial  acetic 
acid.  Heating  and  stirring  were  continued  for  12  hours.  Into  the  cooled  reaction  mixture  was  run  loO  ml 
water;  the  resultant  oil  was  extracted  with  etlier,  washed  and  dried.  Removal  of  the  ether  and  distillation  of 
the  residue  gave  11.5  g  2-(y-acetoxypropyl)-camphane. 

B.  P.  115-110*  (2,5  mm),  d*  °  0.9067.  n^®  1.4700,  MR  68,79;  Calc,  68,72. 

Found  7o:  C  75.43,  75.64;  fi  11.09,  11.0b.  CisHggOz.  Calculated  C  75.58;  H  10.99. 

2-(  y-  Hy  dr  ox  y  p  r  o  p  y  1 )  -  c  a  m  pha  n  e  (VI).  11.3  g  2-(y-acetoxypropyl)-camphane  was 
heated  on  a  water  batli  for  0  hours  with  alcoholic  alkali  (6  g  KOll  in  35  ml  etliyl  alcohol),  after  which  the 
main  bulk  of  ethyl  alcohol  was  distilled  off;  die  residue  was  diluted  with  water,  extracted  with  ether  and 
dried  with  potassium  carbonate.  Removal  of  the  ether  and  distillation  in  vacuum  gave  7.5  g  2-(y-hydroxy- 
propyl)-camphane. 

B.  p.  133.5-  135*  (4mm),  d^®  0.9518,  n^®  1,4863,  MR  50.25.  Calc.  59.19. 

Pound  7o:  C  79.28,  79.38;  H  12.49,  12.44.  Ci3H240.  Calculated  7,:  C  79,53;  H  12.32. 

Primary  alcohols  were  determined  by  the  method  of  Radcliffe  and  Chadderton  [4]  which  is  based  on 
the  quantitative  conversion  of  primary  alcohols  into  acid  phthalic  esters  when  treated  with  phthallc  anhydride 
in  pyridine  solution.  The  determination  sliowed  that  the  prepared  2-(  y-hydroxypropyl)-camphane  contained 
up  to  97.18  <^0  primary  alcohols.  (Accuracy  of  method  2-37o.) 

The  phenylurethane  of  2-(*y-liydroxypropyl)-camphane  had  m.  p.  80.5-81.2*  after  recrystalli/.ation  from 
alcoliol. 

Pound  7o:  C  76,26;  H  9.31,  C:2oH2902N.  Calculated  7o:  C  76.15;  H  9.27. 

Acid  phthalic  ester  of  2-(y“hydroxypropyl)-camphane  was  prepared  from  a 
pyridine  solution  of  its  potassium  salt  which  was  formed  during  quantitative  determination  of  2-(y-hydroxy- 
propyl)-camphane.  After  evaporation  of  the  solution  to  dryness  in  vacuum,  tlie  potassium  salt  of  the  acid 
phthalic  ester  was  extracted  with  ether;  tlie  «her  was  driven  off  and  the  residue  dissolved  in  water  and 
acidified.  The  precipitated  a«id  phthalic  ester  was  recrystallized  from  dilute  ethyl  alcohol;  m.p.  140.5- 
141.5*. 

Pound  7o:  C  73.31,  73.36;  H  8.25,  8,22.  C21H28O4.  t:alculated  C  73.23;  H  8.19. 

Oxidation  of  2-(  y-hydroxypropyl)-camphane  with  potassium  permanganate, 

1  g  of  2-(y-hydroxypropyl)-campliane  was  shaken  at  room  temperature  for  50  hours  with  an  alkaline  solution 
*  of  potassium  permanganate  (0.7  g  KMir04and  0.1  g  KOH  in  20  ml  water)  until  the  solution  was  decolorized. 
The  manganese  dioxide  was  filtered  off  and  washed  with  hot  water.  The  solution  was  evaporated  and 
acidified  witli  sulfuric  acid.  The  precipitated  campliane-2-propionic  acid  (VII)  was  recrystallized  from 
dilute  ethyl  alcohol;  m.  p.  89.5-90,5“, 
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Found  %  C  74.44.  74.41;  H  lO.GO,  10,54.  CigUad.  Calculated  C  74.24;  H  10,54. 


Oxidation  of  2-(  y-hydroxypropyl)-caniplianewIth  potassium  die hro mate. 

A  solution  of  3  g  potassium  dlcliromate  and  4  ml  sulfuric  acid  in  15  niT  water  was  added  dropwise  to  0  g 
2-(y-hydroxypropyl)-camphane  in  15  ml  water.  The  reaction  product  was  distilled  with  steam;  a  small 
amount  of  oil  came  over  whicli  gave  a  violet  color  witli  fiichslncsulfurous  acid,  indicating  the  presence  of 
an  aldeliyde.  The  substance  remaining  in  the  distillation  flask  was  extracted  with  ether.  The  ether 
extract  was  washed  with  10  %  sodium  hydroxide  solution  to  remove  acids,  then  with  water,  and  dried  with 
sodium  sulfate.  The  ether  was  driven  off  and  tlie  residue  distilled  in  vacuum  to  give  2,5  g  camphane-2- 
proplonate  of  2-(  y-hydroxyprcpyl)-camphane  (Vni). 

B.  p.  198-202* (6  mm),  d“  0.9G16,  n*’  1.4900,  MR  116.0.  Calc,  115.1. 

Found  7o:  C  80.17;  H  11.50.  C26H44O,.  Calculated  C  80.35;  H  11.41. 

The  alkaline  solution,  obtained  as  described  above,  was  evaporated  to  a  small  volume  and  then 
acidified.  Yield  0.34  g  camphane-2-propionic  acid  with  m.  p.  89.5-90.5’  (from  dilute  alcohol). 

1.2  g  camphane-2-propionate  of  2-(  y-hydroxypropyl)-camphane  was  hydrolyzed  with  alcoholic 
potash  (0.5  g  KOH  in  2  ml  ethyl  alcohol).  The  reaction  mass  was  diluted  with  water  and  extracted  with 
etlier;  tlie  acjiieous  solution  was  evaporated  and  acidified  to  give  0.25  g  camphane-2-proplonlc  acid  with 
m.  p.  89-90"  (from  dilute  alcohol). 


SUMMARY 

1 .  A  new  homolog  of  camphane — 2-propylcamphane — and  the  following  derivatives  were 
prepared:  2-(  8 ,  y-dibromopropyl)-camphane,  2-(y-bromopropyl)-camphane,  2-(y-acetoxypropyl)- 
camphane,  2-(y-hydroxypropyl-camphane,  camphane-2-propionic  acid,  and  the  camphane- 2-propionate 
of  2-(y-hydroxypropyl)-camphane. 

2.  Addition  of  hydrogen  bromide  to  allylcamphane  proceeds  contrary  to  the  Markovnikov  rule 
with  formation  of  2-(y-bromopropyl)-camphane. 

LITERATURE  CITED 

f  1  ]  G.  Vavon,  C.  Riviere,  Compt.  rend.  213,  1016(1941,), 

[2]  C.  Riviere,  Ann.  Chim,  (12)  1,  157  (1946). 

[3]  M.  deBotton,  Bull,  Soc,  Chim.  1955,  816. 

f4)  L.  G,  Radcliffe  and  E.  Chaddertou,  Perfume  Record,  17.  352  (1926). 


Received  February  20,  1956 


Moscow  State  University 


156 


PREPARATION  OP  QUATERNARY  SALTS  OF  WEAK 
ORGANIC  BASES 


A.  I.  Kiprianov  and  A.  I.  Tolmachev 


Quaternary  salts  of  heterocyclic  bases  are  intermediates  for  the  synthesis  of  cyanine  dyes  and 
many  pharmaceutical  preparations. 

Little  attention  has  hitherto  been  paid  to  the  clarification  of  the  relation  between  the  structure  of 
alkylating  agents  and  their  activity.  N.  A.  Menshutkin  (1]  and  later  a  series  of  other  authors  investigated 
the  speed  of  formation  of  quaternary  salts  during  the  action  of  alkyl  halides  on  tertiary  amines  in  relation 
to  tlie  structure  of  the  alkyl,  the  nature  of  the  halogen  and  the  character  of  die  solvent.  Alkyl  halides  are 
relatively  weak  alkylating  agents.  Dimethyl  sulfate  [2]  has  found  wide  application  for  alkylations  since 
the  start  of  die  present  century.  Dimethyl  sulfate  and  diethyl  sulfate  are  considerably  more  active  than 
alkyl  halides.  They  form  quaternary  salts  with  bases  with  which  alkyl  iodides  do  not  react,  but  their  field 
of  application  is  limited  mainly  to  the  introduction  of  methyl  and  ethyl  groups.  Higher  dialkyl  sulfates 
are  not  readily  accessible  and  have  low  reactivity. 

The  work  of  V.  M.  Rodionov  [3]  brought  esters  of  p-toluenesulfonic  acid  and  of  benzenesulfonic  acid 
into  use.  Although  they  are  less  active  than  dimethyl  sulfate,  they  facilitate  the  introduction  of  higher 
alkyls;  moreover,  unlike  dimethyl  sulfate,  these  esters  have  low  toxicity.  The  range  of  alkylating  agents 
now  applicable  to  the  preparation  of  quaternary  salts  is  limited  to  the  compounds  mentioned  above.  Many 
weak  or  unstable  bases  are  known  which  cannot  be  converted  into  quaternary  salts  by  any  of  these  alkylating 
agents. 

We  have  undertaken  a  search  for  stronger  alkylating  agents,  starting  from  the  consideration  that  the 
ability  of  an  alkyl  ester  of  an  acid  to  donate  an  alkyl  to  a  base  is  in  direct  relationship  to  the  strength  of  the 
acid,  i.  e.,  to  its  ability  to  donate  a  proton  to  the  base.  The  stronger  the  acid  the  stronger  is  the  alkylating 
ability  of  its  ester.  The  most  active  preparations  must  beestersof  perchloric  acid  but  tliey  are  not 
applicable  in  practice  due  to  their  instability.  Esters  of  benzenesulfonic  acid  have  medium  activity  but 
tiieir  alkylating  power  can  be  considerably  intensified  by  the  introduction  of  negative  substituents  into  the 
benzene  ring,  for  example  nitro  groups  which  repel  electrons  and  increase  the  strength  of  the  acid. 

In  a  series  of  studies  it  was  shown  that  esters  of  benzenesulfonic  acids  containing  negative 
substituents  in  tlie  benzene  ring  are  stronger  electrophilic  agents.  As  far  back  as  1895  Kastle  and  Murrill 
[4];  and  tlien  in  1910  Boyle  [5],  observed  that  the  introduction  of  a  halogen  atom  into  tire  benzene  ring  of 
the  ethyl  ester  of  benzenesulfonic  acid  increases  its  ability  to  ethylate  alcohols.  In  1931  Demeny  [6] 
showed  that  the  nitro  groups  in  the  benzene  ring  of  esters  of  benzenesulfonic  acids  accelerate  tlieir  hydrolysis, 
while  a  methyl  in  the  para-position  retards  hydrolysis.  Other  papers  in  more  recent  years  have  reprorted 
the  acceleration  of  hydrolysis  and  alcoholysis  of  esters  of  benzenesulfonic  acids  under  tire  influence  of 
negative  substituents  [7]. 

Noixjdy  has  previously  undertaken  a  comparison  of  tire  activity  of  esters  of  different  benzenesulfonic 
acids  in  die  formation  of  c|uaternary  salts  of  organic  bases.  Esters  of  dinitrobenzenesulfonic  acids  have  not 
even  been  generally  prepared.  We  carried  out  a  kinetic  study  to  compare  the  speeds  of  formation  of 
quaternary  salts  of  one  and  die  same  base  using  already  known  alkylating  agents  as  well  as  esters  of  nitio- 
benzenesulfonic  acids. 
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The  base  selected  was  2-methylbciizotliiazolc.  The  rate  of  formation  of  tinaternary  salts  of  2-n)ethyl- 
benzotlilazole  was  studied  in  toluene  solution  with  metliyl  Iodide,  dimethyl  sulfate  and  the  methyl  esters  of 
twelve  arylsulfonlc  acids:  benzenesulfonic  acid;  p-toluenesulfonic  acid;  o-,  m-  and  p-nitrobenzenesulfonlc 
acids;  2,3-,  2,4-,  2,5-,  3,4-  and  3,r)-dInitrobcnzenesnlfonIc  acids;  2-nltro-4-chlorobenzenesulfonic  acid  and 
2-nltro-4-trIfluoromethylbenzenesulfonic  acid.  Tlie  reaction  was  carried  out  at  temperatures  of  70,  80,  90 
and  100°.  The  reaction  velocity  was  determined  from  the  weight  of  quaternary  salt  separating  from  solution. 
The  velocity  constants,  calculated  from  the  equation  for  a  bimolecular  reaction,  sliowed  close  similarity. 
The  reaction  of  the  methyl  esters  of  2,3-,  2,4-  and  2,5-dlnitrobenzenesulfonic  acids  and  of  2-nltro-4- 
trlQuoromethylbenzenesulfonic  acid  was  studied  at  lower  temperatures  (30,  40,  50  and  60°)  due  to  Its  high 
velocity,  and  tlie  velocity  constants  at  80  and  90°  were  determined  by  extrapolation. 

Results  of  measurements  and  calculations  are  set  forth  in  Table  1. 


TABLE  1 


Alkylating  agent 


CH.,I . 

p-CHjCflH4SO;,CH,  .  .  .  . 

. 

P-NOoC6H4S03CH;,  .  .  . 

m  -NOaCoH^SOyCH  ,  .... 
(CH:,)2S04 . 

o-NOjCcHiSOyCHj  .  .  .  . 

3.4- (N02)..C,iH,S0;,CH3  •  . 

3.5- (N02)2CnH3S03CH3  .  . 

2.4- {N02)(CI)C,iH.,S0.,CH,  . 

2.4- (NO.,)(CF.,)C„H.,Sb3CH., 

2.5- (NO.02CcH  ,S0.,CH3  •  . 

2,4-(N02)X„H.,S03CH.,  .  . 
2.3-(N02)2CnH.,S03CH ,  *  . 


K 

•  10®  (liter/ mole  sec) 

E(kcal) 

lOgPi 

70® 

80® 

90® 

100® 

0.48 

0.92 

1.70 

16.6 

5.0 

0.90 

2.10 

4.40 

20.8 

7.8 

1.0 

2.2 

4.6 

9.4 

19.2 

7.2 

12.0 

23.2 

41.5 

15.2 

5.8 

16.7 

33.4 

61.3 

16.6 

6.8 

16.5 

32.5 

63.5 

16.7 

6.9 

109 

207 

371 

15.7 

7.0 

138 

280 

529 

16.5 

7.7 

167 

300 

562 

15.0 

6.8 

198 

377 

645 

14.6 

6.6 

920 

1560 

13.4 

6.3 

ICOO 

2670 

13.0 

6.3 

2040 

3330 

12.5 

6.0 

2010] 

[3500 

14.1 

7.0 

We  see  from  the  data  of  Table  1  that  at  80°  the  methylating  power  of  the  methyl  ester  of 
m-nitrobenzenesulfonic  acid  is  equal  to  that  of  dimethyl  sulfate  and  70  times  greater  tlian  tliat  of  metiryl 
iodide.  Tlie  methyl  ester  of  o-nitrobenzenesulfonic  acid  is  approximately  6  times  and  the  methyl  esters 
of  2,3-  and  2,4-dinitrobenzenesulfonic  acids  are  GO  times  more  active  tlian  dimethyl  sulfate —  die 
strongest  of  die  alkylating  agents  in  use.  The  2,5-dinitro  ester  approaches  the  2,3-  and  2,4-dinitro  esters 
In  metJiylating  ability.  The  rise  in  die  velocity  of  formation  of  quaternary  salts  in  the  case  of  nitro 
derivatives  of  benzenesulfonic  acids  is  determined  mainly  by  the  fall  in  activation  energy  and  sometimes 
also  by  die  increase  in  magnitude  of  the  exponent. 


Ilf  the  three  isomeric  mononitrobenzenesulfonic  acid  methyl  esters,  the  o-nitro  ester  gives  the 
highest  velocity  constant;  the  m -nitro  ester  methylates  6  times  more  slowly,  and  the  p-nitro  ester  9  times 
more  slowly.  Hence  die  nitro  group  in  the  ortho  position  does  not  sterically  hinder  the  methylation 
reaction.  In  the  alkylation  of  amines  with  esters  of  sulfonic  acids,  die  bond  between  the  oxygen  atom  and 
the  alkyl  remote  from  the  benzene  ring  is  broken.  Demeny  [G],  who  studied  die  hydrolysis  of  ethyl  esters 
of  nitrobenzenesulfonic  acids,  al.so  observed  the  highest  rate  of  hydrolysis  in  the  case  of  die  ester  of  o-nltro- 
benzenesulfonic  acid. 

According  to  tlie  data  of  N.  A.  Menshutkin  [8]  and  more  recent  work  [9],  the  velocity  of  formation 
of  quaternary  salts  by  the  action  of  methyl  iodide  on  tertiary  amines  increases  very  sharply  on  passing  from 
less  polar  to  more  polar  solvents.  When  using  esters  of  bciizeiicsiilfonic  acids,  the  polarity  of  die  solvent 
has  relatively  little  influence  upon  the  reaction  velocity.  In  'I'able  2  are  given  the  velocity  constants  of 
die  reaction  of  methyl  esters  of  two  arylsulfonic  acids  witli  2-metliylbcnzotliiazole  in  four  solvents  at  7o". 


•  Esters  of  previously  unknown  sulfonic  acids. 
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Solvent 

piclectrlc 
constant  at 
20* 

K.  10*  (1/ mole  sec) 

C,H,SO,CH, 

o-NO,C,H,SO,CH. 

C6H5CH3  .  .  . 

2.34 

1.00 

109 

CnHsBr  .... 

5.66 

2.07 

285 

CoHsNOg  .  .  . 

35.5 

6.75 

267 

CH3CN.  .  .  . 

38.8 

8.77 

347 

We  see  from  Table  2  that  the  advantage  of  the  methyl  esters  of  nitrobenzenesulfonlc  acids  Is 
retained  even  In  highly  polar  solvents. 

The  question  of  the  Influence  of  the  structure  of  the  alcoholic  residue  In  esters  of  arylsulfonlc  acids 
on  their  reactivity  has  not  hitherto  received  much  attention  [10].  We  investigated  the  Influence  of  chain 
length  in  the  alkyl  of  the  ester  and  the  increase  in  steric  hindrance  in  the  amine  on  the  rate  of  formation 
of  the  quaternary  salt.  The  velocity  constants  at  90*  for  the  reactions  that  we  studied  are  presented  In 
Table  3. 


TABLE  3 


Alkylating  agent 

f  Reaction  with 

- 

2-methyl- 
benzotnia- 
zole  Kj*  105 
(1/ mole  sec) 

2-isopropyl' 
benzothia-j 
zole  Kj-lCr 
(1/ mole  sec) 

Solvent 

KJK 

C0H5SO3CH3 . 

1 

10.6 

1 

3.2 

CeH^Br 

3.3 

C6H5SO3CH2CH3 . •  . 

0.39 

0.13 

CeHgBr 

3.0 

CeHsSOaCHoCHiCHn . 

0.10 

0.0024 

CoHsBr 

4.0 

2,4-(N0.2)(Cr)C6H3S03CH3  ..... 

645 

229 

CoHgCHa 

2.8 

2.4-(N02)(Cl)CoH3S03CH2CH3  .  .  . 

21.8 

6.0 

CeHsCHa 

.  3.6 

2.4-(N0,KCI)C6H3S03CH2CH2CH3  . 

8.4 

2.8 

C0H5CH3 

3.0 

We  see  from  the  data  of  Table  3  that  the  fall  in  reaction  velocity  for  one  and  the  same  base  in 
passing  from  methyl  esters  to  their  higher  homologs  is  approximately  the  same  for  esters  of  both  of  the 
acids  considered.  Consequently  the  esters  of  nitrobenzenesulfonlc  acids  witli  higher  alcohols  as  alkylating 
agents  retain  their  superiority  over  the  corresponding  esters  of  benzenesulfonic  acids.  Steric  hindrance  Hi 
the  amine  undergoing  alkylation  has  an  identical  effect  in  the  reaction  with  esters  of  benzenesuiionic  acid 
and  with  esters  of  nitrobenzenesulfonlc  acid. 

The  solubility  of  the  resultant  salt  frequently  exerts  a  marked  influence  on  the  alkylation  of 
tertiary  amines  with  esters  of  arylsulfonlc  acids.  If  tlie  salt  is  soluble  in  water,  it  can  easily  be  separated 
from  solution  in  the  form  of  the  chloride,  bromide,  iodide  or  perchlorate  by  simple  addition  to  the  solution 
of  the  appropriate  halides.  In  Table  4  are  given  the  solubilities  in  water  of  four  quaternary  salts  of  2-methyl 
benzothlazole. 


table  4 


Anion  of  salt 

Salt  solubility 
in  100  ml 

H2O  at  20’ 

(g) 

o.NO.,C„H,SO.,-  .... 

127 

m.N02Cr.H4Sd;r  .  .  .  .  i 

85 

p-NO.,C,;H,,SO.r  •  •  •  • 

13 

2.4-(NO..KCI)C„H;,SO;r  . 

1  5.2 

Quaternary  salts  of  hctcrocyrllc  bases  with  anions  of  dlnitrobcnzcnesulfonlf:  adds  are  poorly  soluble 
In  water,  and  this  soinetinies  liindeis  tliclr  further  utilization. 

The  preparative  value  of  esters  of  nitrobeii'/cnesulfonie  adds  may  be  Illustrated  by  a  series  of 
examples.  Heating  of  ‘J-metliyl-G-nitroben/otlilazole  with  esters  of  benzenesulfonlr  add,  starting  from 
the  n-propyl  ester,  leads  to  low  yields  or  even  to  non-forniatlon  of  the  (|iiaternary  salts.  The  same  base 
witli  the  corresponding  esters  ol  o-nltro-  and  "-nltro-4-dilorobcn/enesulfonic  acid  fonns  quaternary 
salts  with  very  much  greater  facility  and  in  higher  yields.  Comparative  data  are  presented  in  Table  5. 

A  B  L  E  r> 


Alkylating  agent 

Duration  of 

heating 

Tempera' 

turc 

Yield  of 
quaternary 

salt  (%) 

C,;H:,SO,CH;,  .  .  • . 

CcH.-,S03C,H.r, . 

C8H-,SO.,C‘|H7-n . 

C,;H..SO;,C;,H7-iSO  .....  .... 

C»H;,SO.jC^Hei-n . 

]  "iso  . . 

5  hours 

5 

5 

5 

5 

5  .. 

140-150° 

91 

69 

18 

Traces 

13 

Traces 

o-NO.,CnH4SO  ,CH, . 

2.4- (NO,.MChCuH;,S03C2Hr, . 

2.4- (NO2)(Cl)Cr,R,S0.,C;,H7-n  .... 

2.4- (NO2)(C1)C«H;,S0,C;,H7-1so  •  .  • 

o-NO.,C,iH,SO;,C4Ho-n . 

o-N02CoH,Sb3Cr,H,r  iso . 

10  minutes 
10 

1  hour 

1  .. 

1,5  hours 

2  „ 

100° 

94 

93.5 

79 

Traces 

53 

43 

If  a  weak  base  is  thermally  unstable,  it  can  frequently  not  be  methylated  even  with  the  help  of  the 
usual  alkylating  agents.  At  the  same  time,  esters  of  nitrobenzenesulfonic  acids,  wliich  react  at  a  lower 
temperature,  can  give  excellent  yields  in  such  cases.  2-Metliyl-6-nitrobenzothiazole  |11]  is  not  stable 
at  above  80*.  It  does  not  give  quaternary  salts  either  with  esters  of  p-toluenesulfonic  acid  or  with  dimethyl 
sulfate.  The  quaternary  salt  was  obtained  in  18%  yield  by  heating  with  tlie  metliyl  ester  of  o-nitrobenzene- 
sulfonic  acid  in  nitrobenzene  solution  at  65*  for  2  hours.  The  reaction  went  at  room  temperature  with  the 
methyl  ester  of  o-nitrobenzenesulfonic  acid,  and  after  24  hours  the  quaternary  salt  was  isolated  in  72% 
yield.  2-Methyl-2,4-benzotIiiaz^  is  a  weak  and  unstable  base  from  which  no  quaternary  salts  could 
hitherto  be  obtained  1 12].  A  quaternary  salt  was  obtained  in  57%  yield  witli  the  metliyl  ester  of  2,4-dinitro- 
benzenesulfonic  acid  after  heating  on  a  water  batli  for  20  minutes.  Previously  unknown  cyanine  dyes 
were  synthesized  from  tliis  quaternary  salt.  An  equally  weak  base  is  3- methyl-1, 4-benzoxazine  [13],  which 
only  gives  a  resin  when  heated  witli  dimethyl  sulfate.  A  quaternary  salt  can  be  prepared  from  this  base  by 
heating  with  the  methyl  ester  of  o-nitrobenzenesulfonic  acid  at  75°.  Cyanine  dyes  were  synthesized  from 
this  salt. 

I'ormation  of  quaternary  salt  from  a  tertiary  amine  and  an  alkyl  halide  or  ester  of  a  sulfonic  acid 
is  a  reversible  reaction.  At  high  temperature  the  quaternary  salt,  especially  salts  of  weak  bases,  are 
decomposed  into  their  components.  Some  weak  bases,  even  of  high  thermal  stability,  do  not  form  quaternary 
salts  if  high  temperatures  are  employed.  Thus,  2-chlorobenzothiazole  does  not  form  a  quaternary  salt 
when  heated  witli  die  methyl  ester  of  o-nitrobenzenesulfonic  acid  at  130°  for  5  hours.  On  the  odier  hand 
the  quaternary  salt  is  obtained  in  quantitative  yield  by  heating  with  the  methyl  ester  of  2,4-diniirobcnzcne- 
sulfonic  acid  at  90°  for  20  minutes. 

Some  of  ouf  experiments  gave  negative  results.  We  did  not  succeed  in  preparing  quaternary  salts  from 
2-niediylbenzodiiazole  with  cyc.lohexyl  esters  of  nitro-  and  diniu-obenzenesulfonic  acids.  These  esters 
broke  down  to  cyclohexene  and  arylsulfonic  acid.  Negative  results  were  also  obtained  in  an  attempt  to 
synthesize  a  quaternary  salt  with  an  aryl  radical  at  the  niuogen  atom  from  y-picoline  by  heating  it  with 
phenyl  or  o-nitroplieuyl  esters  of  2,4-dinitrobcnzenesulfonic  acid. 
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EXPERIMENTAL 


Determination  of  the  velocity  constants  of  metl^latlon  of  2-methylbenzo- 
thlazole  with  different  methylating  agents.  The  toluene  used  as  solvent  was  twice 
distilled  In  a  column  (b.  and  stored  oveF'sc^fum”  The  methyl  Iodide  had  b.  p.  42.4*.  The 

dimethyl  sulfate  was  distilled  In  vacuum  and  treated  with  magnesia;  b,  p.  150"  (15  mm).  2-M2thyl  - 
benzothiazole  was  prepared  by  condensation  of  o-arnlnothlophenol  with  acetic  anliydrlde.  The  product 
was  twice  distilled  in  vacuum.  B.  p.  118®  (5  mn)). 

Experiments  were  performed  by  tlie  following  standard  metliod:  solutions  of  2-methylbenzothlazole 
and  alkylating  agent  were  separately  prepared  In  a  graduated  vessel.  Definite  volumes  of  solutions  of 
2-metliylbenzothlazole  and  alkylating  agent  were  mixed  in  a  test  tube  with  a  ground-glass  stopper  .  The 
test  tube  was  welglied  in  advance  on  an  analytical  balance.  Sealed  ampoules  were  used  in  the  experiments 
with  methyl  iodide.  The  test  tube  containing  the  mixture  was  lieated  for  a  dellnite  period  in  a^thermostat 
(temperature  fluctuations  not  exceeding  +0.05®);  It  was  tlien  cooled  in  ice,  the  quaternary  salt  was  quickly 
filtered  on  a  weighed  glass  filter  and  dried  to  constant  weight  at  100®.  The  test  tube  containing  the  residue 
of  quaternary  salt  was  also  dried  and  the  weight  of  residue  was  added  to  the  weight  on  tlie  filter.  Products 
obtained  with  new  alkylating  agents  were  analyzed  for  nitrogen  content.  Results  of  analyses  and  melting 
points  of  quaternary  salts  of  2-methylbenzothiazole  with  different  anions  are  given  in  Table  6. 

TABLE  6 


Anion  of  the  quaternary 

Melting 

point 

Nitrogen  content 

Found 

Calculated 

p-NO.,C,,H,SO,- .  .  .  . 

176’ 

7.82,  7.70 

7.65 

rii-NOXiH|SOr  .  .  . 

169 

7.60,  7.66 

7.65 

o-NO^CuHiSOj-  .... 

110-112 

7.45,  7.54 

7.65 

2,4-(N02)(CI)C,iH.,S0.r 

151-152 

7.06,  7.13 

6.99 

2,4-(NO.,)(CF;,)C„H;,SO;,- 

164-165 

6.63,  6.67 

6.41 

3,4-(NOr,)2C„H,SO,-  .  . 

147—148 

10.26,  10.28 

10.22 

3.5-(N02)2C,iH:,S0;r  .  . 

170—171 

10.08,  9.95 

10.22 

2.5wno:):!qh;so,-  .  . 

176-178 

10.19,  10.38 

10.22 

2.4-(N02)X,iH,,S0;,-  .  . 
2.3-(N02)X,!H.,S0;r  .  . 

198—199 

10.05,  10.01 
9.98,  10.19 

10.22 

10.22 

4-5  test  tubes  were  kept  in  the  thermostat  for  different  periods  in  the  case  of  each  alkylating  agent 
at  each  experimental  temperature.  The  relative  error  in  the  analytical  determinations  did  not  exceed  the 
error  in  weighing  due  to  the  negligible  solubility  of  the  quaternary  salt  under  the  experimental  conditions. 

A  more  serious  effect  on  the  accuracy  of  measurements  was  the  error  in  timing  the  treatment  of  the  individual  samples, 

1. e.,  while  the  duration  of  an  experiment  was  2  hours,  the  cooling  of  the  sample  and  the  filtration  of  the  precipitate  re- 
'quired  1-1.6  minutes.  Thus  the  relative  error  in  time  could  reach  2%.  The  volu.metric  expansion  ofthe  solutions 
was  taken  into  account  when  calculating  the  original  concentration  of  substances  in  the  mixture.  Since  the  initial  con¬ 
centration  of  solutions  was  small,  the  coefficient  of  volumetric  expansion  ofthe  solutions  was  assumed  equal  to  the 
coefficient  of  volumetric  expansion  of  tuolene. 

The  velocity  constants  were  determined  from  the  equations  for  bimolecular  reactions.  With  equal 
Initial  concentrations  of  reactants  in  accordance  with  the  equation  for  a  second-order  reaction,  the  relation 
between  the  function  (1/  (a  —  x  )  (a  is  tire  initial  concentration,  x  is  the  concentration  at  the 

end  of  time  t  )  and  time  is  represented  by  a  straight  line,  as  shown  for  some  of  our  expts.  in  Figs.  1  and 

2.  Deviations  in  the  values  of  constants  calculated  for  each  individual  experiment  amounted  on  tlie  average 
to  B-b'yo.  Since  die  kinetic  experiments  with  esters  of  dinltrobenzesulfonic  acids  were  carried  out  at  lower 
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temperatures  than  the  experiments  with  other  alkylating  agents,  the  values  of  tlie  velocity  constan^  at  higher 
temperatures  were  found  by  graphical  extrapolation  using  the  Arrhenius  equation;  log  K  =  If—  A*-—  . 

The  extrapolation  for  the  reaction  of  2-metliylbenzothla7X)le  with  the  methyl  ester  of  2,4-dInitrobenzciie- 
sulfonic  acid  Is  sliown  in  Fig.  3. 


5  hours 


Fig.  1.  Velocity  of  methylatlon  of 
2-rnethylbenzothiazole  at  70*. 

I  -  methyl  p-nltrobenzenesulfonate; 
n-  with  methyl  m-nltrobenzenesiilfonate; 
ni-  with  methyl  o-nitrobenzenesulfonate. 


J1  3.2  3J  .U  3.5 

Fig.  3.  Temperature  dependence  of 
the  velocity  constant  of  methylatlon 
of  2-metliylbenzothlazole  with  methyl 
2,4-dinitrobenzenesulfonate. 


I  2  3  hours 

Fig.  2.  Velocity  of  metliylation  of 
2-metliylbenzothiazole. 

IV^vith  metliyl  2,4-nitrochlorobenzene- 
sulfonate  at  70*; 

V-witli  methyl-3, 5-dinitxobenzenesulfonate 
at  70*; 

VI  and  vn-wlth  methyl  2,5-dinitrobenzene- 
sulfonate  at  40  and  50*. 
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JJetcrmlnntlon  of  tlie  vclocliy  ronstaiits  of  alkylation  of  2-a Iky Ibenzo- 
i!l  L?  ^  e  s  t  c  r  s  of  b  iTn  7.  c  irc^s  uTf  o’nTt"  a  c  1  d~Tii  iTeli  t  e  r  s  oTr  ~n  1 1  ro  c  li  lo  ro  be  n  - 

7.  c  11  c  s  u  Ff  o  iiTr  a  cTcT,  ‘/i-IsopropylbcuTOlliiazole  was  prepared  by  condensarion  of  isobutyr^  chloride 
witlj  o-anfl no tfiiophcnoiT  H.  p.  J08"  (4  rntn). 

The  same  method  was  used  as  before  except  tliat  an  approximately  equal  volume  of  ether  was  added 
prior  to  filtration  of  tlie  quaternary  salt  because  tlic  presence  of  hlplier  alkyls  at  tlie  nlffogen  atom  Imparls 
a  certain  solubility  In  toluene  and  broinobcnzcne  to  the  quaternary  salts.  Titey  are  completely  insoluble 
in  ether  and  they  come  down  quantitatively  wlicn  ctlier  Is  added.  In  the  experiments  with  esters  of  '^4- 
nltrochlorobenzencsulfonlc  acid.  In  which  more  dilute  solutions  were  used,  the  coefficient  of  volumetric 
expansion  of  tlie  solutions  was  assumed  equal  to  that  of  the  solvent.  In  experiments  with  esters  of  benzene- 
sulfonic  acid,  in  which  more  concentrated  solutions  were  used,  tlie  coefficient  of  volumetric  expansion  of 
the  solutions  was  measured  with  the  help  of  a  dilatometcr. 

Determination  of  the  velocity  constants  of  methylation  of  2  -  m  e  th  y  1  ben  zo - 
thiazolc  in  different  solvents.  The  solvents bromobenzene,  nitrobenzene  and  acetonitrile  — 
were  dried  over  caFcium  cliloTlde  and  distilled.  When  using  nitrobenzene  and  acetonitrile,  the  mixture  was 
mixed  with  ether  prior  to  filtration  of  the  quaternary  salt  In  order  to  completely  precipitate  the  quaternary 
salt  which  is  partially  soluble  in  nitrobenzene  and  acetonitrile.  Solutions  were  used  with  relatively  low 
starting  concentrations  of  reactants  (0.3  mole),  and  the  reaction  was  carried  out  to  tlie  extent  of  not  more 
than  30%  in  order  to  avoid  possible  complications  (caulytlc  Influence  of  the  quaternary  salt,  etc.). 

Experiments  wltli  the  methyl  ester  of  benzenesulfonlc  acid  were  run  at  70*,  those  witli  the  methyl  ester  of 
o-niirobenzenesulfonlc  acid  in  nitrobenzene  and  acetonitrile  at  lower  temperatures.  In  the  latter  case  the  tem¬ 
perature  coefficient  of  the  reaction  was  determined,  and  the  velocity  constant  at  70"  was  calculated  by 
extrapolation.  The  coefficient  of  volumetric  expansion  was  assumed  equal  to  that  of  the  solvents. 

Preparation  of  quaternary  salts  of  weak  bases.  Synthesis  of  dyes  from  them, 
2-Methyl-ri-nitrobenzotlilazole  was  prepared  by  nitration  of  2-methylbenzothiazore  f  14].  Alkylation  was 
performed  by  the  following  standard  metliod:  0.291  g  2-methy-6-nitrobenzotliiazole  was  heated  with  an 
equimolar  amount  of  alkylating  agent;  the  mixture  was  then  extracted  with  10  ml  boiling  water,  the  solution 
was  filtered  from  Insoluble  residue,  and  the  quaternary  salt  was  separated  from  the  filtrate  in  the  form  of  the 
iodide  after  addition  of  aqueous  potassium  iodide.  The  product  was  washed  with  a  little  water,  tlien  with 
alcohol  and  with  ether,  and  dried. 

3-Methyl-2,4-benzothiazine  was  synthesized  as  previously  described  [15],  m.  p.  42-43*.  a815  g  of 
the  substance  was  heated  with  1.31  g  methyl  ester  of  2,4-dInltrobenzenesulfonic  acid  in  presence  of  a  few 
drops  of  toluene  on  a  water  bath  for  20  minutes.  In  tlie  absence  of  a  solvent,  spontaneous  heating  occurs 
and  the  product  partly  reslnifles.  Yield  1.95  g  (927i));  2  crystallizations  from  acetic  anhydride  gave  1.2  g 
(57%)  wItJi  m;  p.  144*. 

Pound  N  10.03,  9.88.  C16H15O7S2N3.  Calculated  7o:  N  9.88, 

Quaternary  salts  of  3-metliyl-2,4-bcnzothIazinc  decompose  when  brought  into  contact  wltli  water. 

3-(p-DlmethylamInostyryl)-2,4-benzothiazlne  methiodide.  0.25  g  3-methyl- 
2,4‘.benzothIazIne,  0.33  g  methyl  o-nitrobcnzenesulfonate  and  10  drops  toluene  were  heated  at  100*  for 
10  minutes.  The  resultant  reddish,  tliick  oil  was  washed  with  ether  and  the  so-obtained  quaternary  salt  was 
used  for  the  preparation  of  a  dye  wiiliout  further  purification.  To  its  solution  in  3  ml  acetic  anhydride  was 
added  0,25  g  p-dimethylairiiiiobenzaldchyile,  and  tlie  mixture  was  heated  to  the  boil  for  20  minutes.  A 
dye  came  down  after  decomposition  of  the  acetic  anhydride  with  water.  It  was  collected,  washed  with 
ether  and  dissolved  in  alcohol.  7lie  iodide  was  precipitated  by  addition  of  potassium  iodide  to  the  alcoholic 
solution.  Yield  0.3  g  (45"/.)  of  fine  needles;  maximum  of  absorption  In  chloroform  at  54G  m  p  . 

Pound  %:  1  29.00,29.21.  C19II21N2SI.  Calculated  %:  I  29.13. 

B  I  s  - (  4  -  m  e  th y  1  -  2, 4  -  ben zo  t Ilia  z  1  ne -  3  )  -  t r  1  m  e thy  1  c y a  n  1  n e  perch lorate.  The 
quaternary  salt  prepared  from  0.12  g  mcthylbcnzolliiazinc  and  ().i7  g  methyl  o-nitrobcnzenesulfonate  was 
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heated  with  0.3  g  ordioformlc  ester,  2  nil  acetlr  anhydride  and  0.5  nil  pyridine  at  JOO"  for  30  minutes. 
The  acetic  anliydride  was  decomposed  with  water  and  tlic  resultant  product  was  dissolved  in  a  mixture  of 
metliyl  alcohol  and  water  and  precipitated  with  sodium  perchlorate,  l  ine  broiv/c  needles.  Yield  0.03  g 
(177o):  absorption  maximum  in  chloroform  at  518  m  fj  . 

I  ound  <7a:  Cl  6.90,  6.99.  Cjjl I21O4N2S2CI.  Calculated  %:  Cl  7.53. 

Methyl-2,4-dinltrobcnzencsulfonate  of  2-chlorobcnzothiazole  was  prepared 
by  healing  0.17  g  2-clilorobenzoUiinzole  and  0.26  g  methyl  ester  of  2,4-dinitrobenzenesiilfonir  acid  at 
90*  for  20  minutes.  Decomp,  temperature  162-163’  (from  acetic  anhydride^;  yield  nearly  quantitative. 

Pound  N  9.38,  9.45.  Ci2njio07N3S2Cl.  Calculated  %;  N  9.75. 

The  product  decomposes  when  heated  witli  water  and  evolves  hydrogen  chloride. 

3  - Methyl  -  1, 4-ben zoxazine  was  synthesized  as  previously  described  (13].  Its  quaternary 
salt  was  obtained  from  ^.22  g  base  and  the  equimolar  amount  (0.32  g)  of  methyl  o-nitiobenzenesulfonate 
at  75*  after  5  minutes.  The  dark,  viscous  oil  was  washed  with  benzene  and  etlier;  it  crystallized  after  a 
few  days.  The  quaternary  salt  was  used  for  the  preparation  of  dyes  without  further  purification. 

3-(  p-Dimethylaminostyryl)  -  1,4-benzoxazine  methoperchlorate.  Hie  above 
quaternary  salt  was  heated  with  tlie  equimolar  amount  of  p-dimethylaminobenzaldehyde  and  2  ml  acetic 
anhydride  on  a  water  batli  for  10  minutes.  The  dye  was  precipitated  with  ether,  dissolved  in  alcohol  and 
treated  with  sodium  perchlorate.  Crystallization  from  alcohol  gave  0.1  g  dark-blue  crystals  with  an 
absorption  maximum  in  chloroform  at  564  m  p  . 

Found  7o:  N  7.15,  7.13.  Ci9H2il)5N2Cl.  Calculated  %  N  7.13. 

(3-Methylbenzothiazole-2)-(4-methyl-l,4-benzoxazine-3)-rhonometliine- 
cyanine  perchlorate  was  prepared  from  0.55  g  methyl  o-nitrobenzenesulfonate  of  3-methyl- 1,4- 
benzoxazine  and  0.46  g  metliylmethosulfate  of  2-methylmercaptobenzothiazole  in  alcohol  with  addition 
of  anhydrous  sodium  acetate  by  heating  at  100’  for  1  hour.  The  dye  was  brought  down  witli  sodium 
perchlorate  and  recrystallized  from  alcohol.  Pine  red  crystals;  yield  0.1  g;  absorption  maximum  in 
chloroform  at  432  m  ^  . 

Found  %:  N  6.74,  6.90.  CigHnOgNjSCl.  Calculated  %:  N  6.85. 

Methyl  o-nitrobenzene  sulfonate  of  2-methyl-6-nitrosobenzothiazole  was 
obtained  by  heating  a  mixture  of  equimolar  amounts  of  2-methyF6-nitrosobenzothiazole  |11]  and  metliyl 
o*nitrobenzenesulfonate  at  65’  for  2  hours  (in  nitrobenzene  solution).  The  solid  product  was  washed  with 
benzene  and  ether,  dissolved  in  hot  water  and  precipitated  witii  sodium  perchlorate.  Yield  of  salt 
0.06  g  (187o)  (from  water). 


Pound  7o:  N  9.54,  9.67.  C9H9O5N2SCI.  Calculated  7o;  N  9.57. 

The  quaternary  salt  of  the  same  base  witli  methyl  2,4-dinitrobenzenesulfonate  in  nitrobenzene  was 
obtained  in  72%  yield  after  standing  for  several  days  at  room  temperature. 

Pound  7,:  N  12.30.  12.06.  C15I Ij20gN4vS2,  Calculated  %:  N  12.73, 

2-p-Dimethylaminostyryl-6-nitrosobenzothiazole  methoperchlorate,  0. 094  g 
2-metliyl-6-nitrosobenzothiazole  methoperchlorate  and  0.  049  g  p-dimethylaniinobenzaldehyde  were 
heated  with  5  ml  acetic  anhydride  at  100’  for  40  minutes.  Yield  of  dye  0,1  g;  absorption  maximum  in 
alcohol  at  563  m  p  . 

Pound  %x  N  9.97,  9.88.  CigHigOgNaSCl.  Calculated  %x  N  9.92. 
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SUMMARY 


A  study  was  made  of  die  velocity  of  formation  of  quaternary  salts  from  2-mediylbenzothiazole 
with  methyl  Iodide,  dimethyl  sulfate  and  the  mediyl  esters  of  12  arylsulfonlc  acids:  benzenesulfonlc  acid^ 
0-,  m-  and  p-nltro- benzenesulfonlc  acidsj  2,3-,  2,4-,  2,5-,  3,4-  and  3,5-dinltrobenzenesulfonic  acidsj 
2-nltro-4-chlorobenzenesiilfonlc  acid  and  2-nitro-4-trifluoromethylbenzenesulfonic  acid.  The  methyl 
ester  of  o-nitrobenzenesulfonic  acid  Is  shown  to  be  6  times  and  the  methyl  esters  of  2,3-  and  2,4-  dlnltro- 
benzenesulfonic  acids  about  RO  times  more  active  than  dimethyl  sulfate.  Application  of  esters  of  nitro- 
benzenesulfonlc  acids  enables  the  preparation  of  quaternary  salts  under  milder  conditions  and  in  better 
yields  than  had  previously  been  possible.  It  is  feasible  to  synthesize  quaternary  salts  of  those  weak  bases 
which  never  form  quaternary  salts  with  other  alkylating  agents.  The  employment  of  esters  of  nitrobenzene- 
sulfonic  acid  is  illustrated  by  the  formation  of  quaternary  salts  of  2-methyl-6-nitro-,2-methyl-6-nitroso- 
and  2-chlorobenzothia2X)les,  3-methyl-2,4-benzothiazine  and  3-methyl-l,4-benzoxazlne. 
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INTERACTION  OF  PHOSPHORUS  PENT ACHLORIDE  WITH  SOME  HALOGENATED 

OLEFINS 


Yu.  M.  Zinovyev,  V.  N.  Kulakova  and  L.  Z.  Soborovsky 

The  formation  of  organophosphorus  compounds  by  reaction  of  phosphorus  pentachlorlde  wltli  unsaturated 
hydrocarbons  has  been  repeatedly  observed  [1-S].  Propylene,  butylene  and  Isobutylene  are  among  the  simplest 
olefins  brought  into  reaction.  The  corresponding  phosphorus  chloroalkyltetrachlorides  are  formed: 

RCH=CH2+  PClg_^  RCHCICH2PCI4. 

It  was  recently  shown  that  phospliorus  pentachlorlde  readily  adds  on  to  vinyl  ethers  [6],  These  reactions 
are  usually  performed  at  20’  in  a  benzene  medium.  We  studied  the  possibility  of  adding  on  phosphorus 
pentachlorlde  to  some  chlorosubstituted  olefins  (vinyl  chloride,  vinylidene  chloride  and  allyl  chloride).  When 
the  reaction  is  conducted  under  tlie  mild  conditions  described  above,  phosphorus  pentachlorlde  substantially 
does  not  interact  witli  the  above-mentioned  chloroolefins  (only  traces  of  the  corresponding  products  of 
chlorination  at  the  double  bond  are  isolated).  Under  more  drastic  conditions  (heating  to  HO*  under  pressure 
without  a  solvent)  phosphorus  pentachlorlde  entered  almost  completely  into  reaction.  Even  then,  however,  no 
organophosphorus  compounds  were  detected  in  the  reaction  mass.  Reaction  of  vinyl  chloride  with  phosphorus 
pentachloride  gave,  apart  from  unchanged  olefin,  phospliorus  trichloride,  1, 1,2- trichloroethane  (product  of 
chlorination  of  vinyl  chloride  at  the  double  bond)  and  a  chlorinated  hydrocarbon  with  twice  the  number  of 
carbon  atoms  which  proved  to  be  tlie  previously  unknown  1,1,4,4-tetrachlorobutane.  The  yield  of  trichloro¬ 
ethane  was  31 '7<),  that  of  tetrachlorobutane  33.6*)'.,  reckoned  on  the  vinyl  chloride  converted.  Similarly,  allyl 
chloride  gave,  apart  from  1,2,3-trichloropropane,  1,2,5,6-tetrachlorohexane.  Forriiation  in  this  reaction  of 
products  of  chlorination  at  the  double  bond  is  readily  accounted  for  by  tlie  chlorinating  action  of  phosphorus 
pentachloride  which  proceeds  according  to  the  scheme: 

RCH=CH2+  PCI5  RCHCICH2CI+  PCI3. 

We  cannot  so  readily  account  for  the  appearance  of  polychloroalkanes  with  double  tlie  number  of  carbon 
atoms.  One  possibility  is  dimerization  of  the  reacting  chloroolefins  at  higher  temperature  followed  by  chlorina¬ 
tion  of  tlie  corresponding  dimers.  Another  possibility  is  free-radical  chlorination  of  the  original  compounds. 

For  clarification  of  the  mechanism  of  formation  of  polychloroalkanes,  vinyl  chloride  was  heated  under  pressure 
both  alone  and  in  admixture  with  sulfuryl  chloride;  tire  chlorinating  properties  of  the  latter  are  similar  to  those 
of  phosphorus  pentachloride.*  In  neither  case,  however,  was  a  compound  obtained  whose  chain  length 
exceeded  that  of  the  original  substance. 

We  suggest  that  the  above  polychloroalkanes  with  double  the  number  of  carbon  atoms  are  formed  via  the 
addition  of  phospliorus  pentachloride  to  tlie  olefin  molecule  v'ith  formation  of  the  corresponding  chloroalkyl- 
tetrachloride  of  phosphorus.  In  the  case  of  vinyl  chloride  the  reaction  is  expressed  by: 

CH2CHCI+  PCU  ^CHCUCH^PCU. 

•  An  example  has  been  reported  f7]  of  the  preparation  of  polyclilorlnated  butane  by  treatment  of  vinyl 
chloride  with  sulfuryl  chloride  in  presence  of  pyridine.  Here  the  decisive  factor  was  tlie  presence  of  pyridine. 
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Tlie  phosphorus  chloroalkyltetrachlorlde  then  breaks  down  with  formation  of  molecules  containing  twice 
the  number  of  carbon  atoms  and  1,1,2-trlchloroetliane! 

2CHCl,CHiPCl4 CMCljCH2CM^C}lCl2+  PCI5+  PCI3. 

CHCi2cn2PCi4  — ►CHCi2cn2Ci  +PCI3. 

The  possibility  of  formation  of  such  polychloroalkanes  wltli  twice  tlie  number  of  carbon  atoms  from 
phosphorus  chloroalkyltetrachlorldes  Is  Illustrated  by  the  tliermal  decomposition  of  phosphorus  2-chIoropropyl- 
tetrachlorlde,  obtained  from  propylene  and  phosphorus  pentachlbrlde.  Heating  of  diis  tetrachloride  In  an 
autoclave  to  100-110*  gives  a  small  amount  of  tetrachlorohexane,  apart  from  phosphorus  trichloride,  1,2- 
dlchloropropane  and  hydrogen  chloride.  The  tetrachlorohexane  could  originate  from  chlorination  of  the  alkyl 
residue  at  the  phosphorus,  rupture  of  tlie  C-P  bond  and  combination  of  the  resultant  radicals  to  forril  a  molecule 
wltli  double  tlie  length  of  carbon  chain: 

2CHJCHCICH2PCI4  — ►C3H5CI2PCI4  +  CH3CHCICH2CI  +  PCI3+HCI. 

2C^sCl2PCU->CeHioCl4  +  PCI5+  PCI5. 

On  the  basis  of  this  hypothesis  we  may  represent  the  reaction  of  allyl  chloride  with  phosphorus  penta- 
chlorlde  by  the  following  scheme: 


CHoCICH^CHa-r-PCIa  — >  CH2CICHCICH2CI -h  PCI3. 
CH2CICH=CH2  PCI5  — »•  CH2CICHCICH2PCI4. 
CH2CIGHCICH2PCI4  — »>  CH2CICHCICH2CI -4- PCI3. 
2CH2CICHCICH2PCI,  — ►  CH2CICHClCH2CH2CHCICH2CI-r-PCl3-+-PCl5. 
CHoCICHCICH.PCU -4- PCI5  — ►  CH2CICHCICH2CI -4- PCI3 -4- PCI5. 


Under  the  same  conditions  vinylidene  chloride  is  completely  transformed  Into  a  solid  polymer. 

Examination  of  the  configuration  of  the  tetrachlorobutane  isolated  in  the  present  work  indicates  the 
possibility  of  existence  of  14  structures.  Formation  of  8  structures  containing  unsubstituted  methyl  groups  may, 
however,  be  ruled  out.  Another  improbable  isomer  is  1,1,1,4-tetrachlorobutane  whiclf  contains  the  CCl8 
group.  1,2,3,4-Tetrachlorobutane  has  been  described  [8],  but  its  constants  [m.  p.  73*,  b,  p.  130-140"  (50  mm)] 
differ  markedly  from  those  found  for  the  substance  isolated.  Consequently  4  probable  structures  remain: 

1,  1^4, 4_,  1^2,2, 4-,  1, 1,2,4-  and  1, 1,  3,4- tetrachlorosubstituted  butanes.  Selection  of  the  most  probable 
structure  was  based  on  examination  of  tlie  products  of  dehydrochlorination  of  the  tetrachlorobutane. 

Treatment  of  the  tetrachlorobutane  with  alcoholic  alkali  leads  to  cleavage  of  either  one  molecule  of  hydrogen 
chloride  with  formation  of  trichlorobutene  or  of  two  molecules  with  formation  of  dichlorobutadiene. 

The  properties  of  botli  of  the  chloroolefins  obtained  differ  from  the  properties  of  knovm  trichlorobutenes  and 
dichlorobutadienes.  The  structures  of  the  previously  unknown  l,4-dichlorobutadiene-l,3  and  1,1,4-trichloro- 
butene-3  may  therefore  be  assigned  to  the  unsaturated  chloroderivatives  obtained,  and  the  reactions  witli 
caustic  alkali  can  be  represented  by  the  following  equations: 

CHCI2CH2CII2CHCI2  +  KOH  ->CHC1  =  CHCH2CHCI2  +  KCl  +  H2O, 

CHCI2CH2CH2CHCI2  +a<OH  ->  CHCl  =  CHCH=  CHCl  +  2KC1  +  2H2O. 

The  occurrence  of  an  exaltation  of  molecular  refraction  of  the  prepared  dichlorobutadiene  confirms 
that  it  is  l,4-dichlorobutadiene-l,3. 

Further  confirmation  of  the  structure  of  tlie  dichlorobutadiene  was  obtained  by  plotting  the  infrared 
absorption  spectrum*.  In  accord  with  the  formulas  (I)  and  (II)  possible  for  a  substance  wltli  die  composition 

•  Spectrographic  investigation  by  S.S.  Dubov  and  V.  I.  Fedotova. 
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CHCUCH-CH=CHC1  CHCl-CH-CH-CHCl  CH,Cl-CaC-CH|Cl. 
(I)  (II)  (III) 


Infrared  absorption  spectrum  of  l,4-dichlorobutadicnc-l,3  (layer 
thickness  0.3  mm). 

we  should  expect  to  find  an  absorption  band  in  the  1600  crr.“*  region,  which  Is  characteristic  of  the  valence 
vibrations  of  the  C=C  bond.  Actually  a  double  band  witli  absorption  maxima  at  1622  and  1562  cm“^  is  found 
in  tills  region.  The  doublet  character  of  this  band,  its  high  intensity  and  its  slightly  lower  position  in  relation 
to  the  vibration  frequencies  of  a  single  C=C  bond  are  characteristic  of  compounds  containing  conjugated  C=C 
bonds  [9].  All  this  supports  structure  (I).  A  structure  corresponding  to  formula  (III)  should  be  characterized  by 
tlie  presence  in  the  infrared  spectrum  of  a  band  in  tlie  2000-2200  cm“^  region  (CiC  bond).  The  region  in 
question  does  not  contain  a  strong  band  characteristic  of  this  bond. 

Formation  of  l,4-dichlorobutadiene-l,3  is  possible  only  from  two  Isomers  of  tetrachlorobutane  whose 
presence  in  the  obtained  substance  is  probable — 1, 1,1,4*  and  1,1,3, 4-tetra- derivatives.  Consideration, 
however,  of  the  above  scheme  of  formation  of  this  substance  from  vinyl  chloride  strengthens  the  view  that  tlie 
compound  isolated  is  1,1,4,4-tetrachlorobutane. 

EXPERIMENTAL 

Reaction  of  vinyl  chloride  with  phosphorus  pentachloride 

Reaction  at  atmospheric  pressure  at  20*  in  a  benzene  medium.  Dry  vinyl  chloride  was  passed  for  15  hours 
through  a  suspension  of  52  g  phosphorus  pentachloride  in  300  ml  benzene.  Sulfur  dioxide  was  then  passed 
through  the  reaction  mixture  in  order  to  convert  the  solid  phosphorus  alkyltetrachloride  and  phosphorus  penta¬ 
chloride  into  tlie  distillable  acid  chloride  of  chloroethanephosphinic  acid.  Passage  of  sulfur  dioxide  was 
continued  until  the  solution  was  homogeneous.  On  distillation  the  whole  of  the  liquid  came  over  up  to  114*. 

The  100-114*  fraction,  consisting  mainly  of  phosphorus  oxychloride,  was  treated  with  water.  The  residual 
oil  (about  1  g)  was  washed,  dried  over  calcium  chloride  and  distilled.  B,  p.  112-113*;  dj®  1.4403.  The 
boiling  point  of  1,1,2-trichloroetiiane  is  113.7",  dj*  1.4416  [10]. 

Reaction  by  heating  under  pressure,  a)  208  g  phosphorus  pentachloride  was  charged  into 
an  Autoclave  of  special  steel,  the  autoclave  was  cooled  to  -70"  and  100  g  vinyl  chloride  was  condensed  into  it. 
The  autoclave  was  heated  for  12  hours  at  110*.  The  pressure  at  tlte  start  rose  to  20  atm.  and  then  fell  to 
14  atm.  After  cooling,  unreacted  vinyl  chloride  (27.8  g)  was  released  from  the  autoclave.  The  weight  of  the 
residual  liquid  was  264.3  g.  It  was  fractionated,  161.3  g  (mixture  of  phosphorus  trichloride  and  1,1,2-trichloro- 
etiiane)  came  over  at  70-115*.  From  this  fraction  was  isolated  48.0  g  (31  %)  1,1,2-trichloroethane.  Further 
distillation  was  caerried  out  in  vacuum  and  the  following  fractions  were  obtained:  30-90*  (1  mm)  58.9  g, 
90-125*  (1  mm),  16.0  g:  residue  10.0  g.  Redistillation  of  the  30-90*  fraction  gave  37.8  g  (33.6'7))  of  1,1,4,4- 
tetrachlorobutane. 

D,  p.  52-54*  (1  mm)  or  200*  (745  mm);  d^  1.4477,  n“  1.4995,  MR^^  39.84;  Calculated  40.14. 

Found  C  24.82,  25.14;  H  3.57,  3.20;  Cl  73.02,  72.16,  M  196,  C4H,Cl4.  Calculated  ’'jox  C  24.52; 

II  3.09;  C172.39.  M  195.93. 
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b)  35  g  vinyl  clilorlde  and  GH  g  sulfuryl  rlilorlde  were  heated  for  15  hours  at  110*  In  a  steel  tube  fitted 
with  a  pressure  gage.  The  pressure  readied  11  atin.  Uiireacted  vinyl  chloride  was  removed  from  the  tube  after 
cooling.  From  the  liquid  reaction  mass  was  isolated  11  g  (18'’/.)  1,1,2-trichloroetliane. 

De  hydrochlorination  of  tetrach  loro  butane 

20  g  tetrachlorobutane  with  b.  p.  200°  was  added  with  cooling  and  stirring  to  a  solution  of  13  g 
potassium  hydroxide  in  GO  ml  alcoliol.  After  2  hours  the  mass  was  diluted  with  water  and  the  oily  layer  was 
collected  and  dried  over  magnesium  sulfate.  In  tlie  aqueous  layer  was  found  6.2  g  chlorine.  The  amount  of 
chlorine  tlieoreticajly  split  off  was  7.25  g.  The  oil  (13.2  g)  was  fractionated  at  108  mm  to  give;  54-67* 

1.15  g;  67-90*  1.65  g;  95-132*4.99  g.  Redistillation  of  the  54-67°  fraction  (108  mm)  gave  2.0  g  of  1,4- 
dichlorobutadiene- 1,3. 

B.  p.  54-5.5*  (104  mm).  d“  1.2087,  n^  1.5118,  •  MR  30.58;  Calculated  29.47;  EMR  1. 11. 

^  '  4  D  D  D 

Found  C  38.72,  38.67;  H  3.41,  3.88.  M  125.  C4H4CI2.  Calculated '/o;  C  39.05;  H  3.28.  M  122.99. 

Redistillation  of  tlie  95-132*  (108  mm)  fraction  gave  l,l,4-trichlorobutene-3. 

B.  p.  101*  (.38  mm),  d*®  1.3530,  n^  1.4960,  MR  34.66;  Calculated  .34.81. 

4  D  D 

Found  V’:  C  29.52,  29.65;  H  3.83,  3,80.  M  168.  C4H5CI3.  Calculated  C  30.12;  H  3,16,  M  159,46, 

Reaction  of  allyl  chloride  with  PCls. 

a)  A  mixture  of  38.3  g  allyl  chloride,  104  g  phosphorus  pentachloride  and  120  g  dry  benzene  was 
stirred  for  12  hours  at  20*.  Through  the  reaction  mixture  was  then  passed  sulfur  dioxide  until  the  solid  products 
had  dissolved.  On  distillation,  the  liquid  came  over  completely  up  to  115*. 

b)  16.3  g  allyl  chloride  and  50  g  phosphorus  pentachloride  was  heated  in  a  closed  steel  tube  for  14 
liours  at  120-130*.  After  cooling,  the  reaction  mixture  was  a  homogeneous  liquid.  The  following  fractions 
were  collected  from  54.1  g  mixture:  45-155*  43,7  g;  155-158*  2.8  g;  50-120”  (16  mm)  1,3  g;  120-130° 

(16  mm)  1.4  g.  The  boiling  point  of  1,2,3-trichloropropane  is  158°;  the  remaining  isomers  (1,2,2-,  1,1, -3-, 
1,1,2-  and  l.l.l-lrichloropropanes )  boil  between  123  and  150*  [1.3].  Redistillation  of  the  120-130°  fraction 
(16  mm)  gave  1,2,5,6-tetrachlorohexane. 

B.  p.  94-100*  (2  mm).  d“  1.4043,  n^®  1.5136,  MR  49.05;  Calculated  49.38. 

^  "  4  D  D 

Found  C  31.78,  32.08;  H  4.10,  4.02.  M  213,  224.  C5H10CI4.  Calculated  '/,:  C  32.17;  H  4.51. 

M  223.98. 

Reaction  of  vinylidene  chloride  with  phosphorus  pentachloride.  55  g  vinylldene 
chloride  and”  104”g  phosphorus  pentachloride  \7ere  heatecTln  a  steel  tube  for  9  hours  at  130®.  .No  pressure  was 
registered  in  the  tube.  After  cooling,  the  tube  contained  unchanged  phosphorus  pentachloride  and  a  solid, 
white  polymer. 

Thermal  decomposition  of  phosphorus  2-chloropropyltetrachloride. 

Propylene  was  passed  through  a  suspension  of  phospliorus  pentachloride  in  benzene  at  20“  until  reaction  ceased 
(change  of  external  form  of  precipitate).  The  solvent  was  then  taken  off  in  vacuum  and  tlie  resultant 
pliosphorus  2-chloropropyltetrachloride  (146  g)  was  heated  in  a  steel  autoclave  for  10  hours  at  100-110*.  The 
pressure  in  the  autoclave  rose  to  20  atm.  After  cooling,  the  pressure  fell  to  10  atm.  The  hydrogen  chloride 
formed  was  absorbed  by  caustic  alkali  solution  (increase  in  weight  14.0  g).  From  the  autoclave  was  extracted 
121  g  light-brown,  liquid  and  a  small  quantity  of  dark  resin.  The  main  bulk  of  tlie  liquid  consisted  of 
phosphorus  trichloride  and  1,2,-dichloropropane.  The  residue  was  diluted  with  etlier,  washed  at  first  witli 
dilute  hydrochloric  acid  (from  iron  salts),  then  witli  sodium  carbonate  solution  and  with  water,  and  dried  witli 
fused  calcium  chloride.  After  removal  of  ether,  tlie  residue  was  distilled;  0.1  g  came  over  at  30-60*  (4  mm) 

•  2,3-Dichlorobutadiene-l,3,  an  isomer  of  the  compound  isolated,  has  b.  p.  39-42*  (80  mm),  d^  1.1820, 
1,4882  [11].  Tlie  other  isomer —  l,2-dichlorobutadiene-l,3  —  has  b.  p.  60-65*  (105  mm),  1.2070, 

n“  1.5078  [12]. 

D 
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(d“  1.4225,  nj®  1.5075)  and  0.3  gat  80*  (4  mm)  (d“  1.3829.  n*®  1.5233,  MR  49.50  s  calc.  49.38);  the 
4  D  4  D  D 

latter  probably  had  the  structure  of  2,2,5,5,-tetrachlorohexane. 

Foundry:, :  C  32.30,  32.84;  H  3.49,  3.56.  M  221.  CjUmCU.  Calculated  C  32.17;  H  4.51.  M  223.98. 

SUMMARY 

1 .  Treatment  of  vinyl  chloride  and  allyl  chloride  witli  phosphorus  pentachloride  at  20*  in  benzene  at 
atnoshperic  pressure  leads  to  small  yield  of  only  products  of  addition  of  chlorine  at  the  double  bond  (1,1,2-tri- 
chloroediane  and  1,2,3-trichloropropane).  Reaction  of  phospliorus  pentachloride  with  the  same  haloolefins 
with  heating  to  100-110*  under  pressure  leads  to  formation  of  halogenated  hydrocarbons  conuining  twice  as 
many  carbon  atoms  as  the  original  olefin.  Products  of  chlorination  at  the  double  bond  are  formed  simultaneously. 

2.  1,1,4,4-Tetrachlorobutane  and  1,2,5,6-tetrachlorohexane  are  described  for  the  first  time.  They  are 
obtained  by  die  action  of  phosphorus  pentachloride  on  die  respective  haloolefins. 

3.  Thermal  decomposition  (at  100-110“)  of  phosphorus  2-chloro-propyltetrachloride  gives,  apart  from 
1,2-dichloropropane,  small  amounts  of  a  tetrachlorohexane  whose  structure  is  probably  represented  by 
CHjCClzCHjCHjCCljCUa  . 

4.  A  mechanism  for  the  formation  of  1,1,4,4-tetrachlorobutane  and  1,2,5, 6-  and  2,2,5,5-tetrachloro- 
hexanes  during  die  reaction  of  phosphorus  pentachloride  with  the  respective  haloolefins  is  advanced. 

5.  Dehydrogenation  of  1,1,4,4-tetracIilorobutane  gives  die  previously  unknown  1,4-dichlorobutadiene- 
1,3  and  1,  l,4-trichlorobuteiie-3. 
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SYNTHESIS  OH  HI  C  H  LO  RO  P  H  EN  Y  L  T  RI A  C  E  TOX  Y  S I  L  A  N  E  AND 
ITS  HYDROXY  DERIVATIVES 

K.  A.  Andrianov,  A.  A,  Zhdanov  and  E.  F.  Morgunova 

In  tlie  syntliesis  of  high-molecular  organosillcon  compounds  —  polyorganosiloxanes  —  the  hydrolysis 
of  alkylc  lorosilanes  or  similar  compounds  is  a  very  important  reaction.  Many  papers  have  been  published 
on  this  process  [1-4]  and  they  draw  attention  to  processes  of  formation  of  intermediate  products  of  hydrolysis 
of  tlie  monomeric  organosilicon  compounds  and  to  tlieir  transformations  into  polymers. 

In  tlie  past  tlie  monomeric  organosilicon  compounds  containing  more  than  one  hydroxyl  group  at  the 
silicon  atom  have  beendifficultly  accessible  substances  due  to  their  poor  stability,  Diethyldihydroxysilane 
was  first  isolated  in  194(1  fT-i]  and  dimethykiihydroxysilane  in  19.53  [6],  Attempts  to  obtain  alkyl-or  aryl- 
trihydroxysilanes  were  unsuccessfui.  Hydrolysis  of  phenyltrimethyloxysilane  gave  a  polymer  [6],  while 
hydrolysis  of  phenyltriacetoxysilane  yielded  a  linear  product —  1,2,3-triphenyl-pentahydroxytrisiloxane  [4], 
In  1955  a  method  was  described  [7]  for  preparing  phenyltrihydroxysilane  by  hydrolysis  of  plienyl  trim  ethoxy- 
silane.  Since  the  susceptibility  to  formation  of  polymers  by  hydroxyl-containing  organosilicon  compounds 
decreases  with  increasing  molecular  weight  of  the  organic  radical  linked  to  the  silicon  atom,  we  should 
expect  alkyltrihydroxysilanes  containing  an  organic  radical  with  a  high  molecular  weight  to  be  sufficiently 
stable  to  permit  of  their  isolation. 

In  tlie  present  work  we  studied  the  hydrolysis  of  dichlorophenyltriacetoxysilane.  In  the  hydrolysis  of 
tlie  following  compounds  with  excess  of  water  in  presence  of  ether,  we  obtained  the  corresponding  hydroxy 
derivatives  according  to  the  reaction  schemes: 


C,,H,Cf.SiCI:,  -t-  3(CH  ,C0),,0 - >  CoH,CljSi(OCOCH;,);,  3CH;,COCl, 

2CoH,CHSi(OCOCH,).,  |(C,-,H;,CI.,)Si(OCOCH;,).,],0 -i-  (CH;,C0).,0, 

CBH.,CI,,Si(OCOCH;i)..,-i^  3H,0 - >  C,iH;,Cl2Si(OH).., 3CH.,COOH, 

f(CoH.,Cl.,)Si{OCOCH;,)2liO  -4-  nW.O  — >  [(CfiH  iCHlSifOHlaloO  4CH3COOH. 


The  compounds  obtained  are  crystalline  solids,  soluble  in  the  majority  of  polar  organic  solvents  and 
readily  transformed  by  heating  into  polymers. 

EXPERIMENTAL 

Dicliloroplienyltriacetoxysilane,  A  mixture  of  207  g  dichlorophenyltrichlorosilane 
(b,  p,  260'^2  O'/®" c^iueht' oT 'ir^erroT^ablFHTlofihc^^^  03  and  226  g  acetic  anhydride  was  placed  in  a 

round-bottomed  flask  witli  a  reflux  condenser  and  a  calcium  chloride  tube  and  kept  at  room  temperature  for 
96  hours.  'J’lie  acetyl  chloride  that  liad  been  formed  was  tlieii  removed  in  vacuum;  the  residue  in  the  flask 
crystallized  on  cooling.  Yield  94.5';i(),  'I'lie  acetyl  group  content  was  46. 1.5'’/'.  Tlie  calculated  content  of 
acetyl  groups  in  dicliloroplienyltriacetoxysilane  is  .'>0.42;!.  The  substance  was  purified  by  two  rnetliods.  30  g 
was  treated  with  30  ml  ether  at  room  temperature.  'I’lie  insoluble  residue  (colorless  crystals)  was  filtered, 
washed  tlie  cold  with  etiicr  and  dried  in  a  vacuum -desiccator  over  calcium  chloride.  Yield  of  product 
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43.37-  of  the  amount  taken.  In  another  experiment  205  g  of  substance  was  mixed  with  205  ml  ether  and  the 
mixture  refluxed  until  solution  was  complete;  the  filtered  solution  was  then  cooled  with  Ice.  After  standing 
for  a  few  hours  at  0*.  tlie  crystals  were  filtered,  washed  witli  ether  and  dried  in  a  vacuum -desiccator.  Yield 
43.87i>of  the  amount  taken.  Results  are  .set  fortli  in  the  table. 


Method  of  purification 

Melting 
point  ” 

Si  content  (7) 

OCOCH j 

content  (7(^ 

In  the  cold 

40.8 

68-69’ 

8.76 

7.97 

49.42 

60.42 

Witli  lieating 

41.4 

68-69’ 

8.19 

7.97 

60.76 

60.42 

1. 3- Bls-(dichlorophenyl)-tctraacetoxydisiloxane.  207  g  dichlorophenyltrichloro- 
silane  and  220  g  acetic  anhydride  were  placed  in  a  round-bottomed  fTask  fitted  with  a  dephlegmator.  The 
resultant  acetyl  chloride  was  distilled  off  at  alx)ut  55'  and  collected  in  a  receiver.  After  100  g  acetyl 
chloride  had  come  over,  the  residue  of  acetyl  chloride  and  acetic  anhydride  was  removed  in  vacuum.  The 
residue  in  tlie  flask  was  cooled  to  room  temperature  to  form  a  viscous  mass  which  at  once  crystallized  when 
an  attempt  was  made  to  pour  it  out  of  die  flask.  For  purification,  40  g  of  product  was  treated  with  40  ml 
edier;  complete  solution  did  not  occur  even  after  heating  to  the  boiling  point  of  ether.  Purification  was 
accordingly  effected  by  repeated  washing  with  ether.  Yield  48  g  (21,77)  l,3-bIs-(dlchlorophenyl)-tetraacetoxy- 
silane. 

Founder  Si  9.73;  OCOCH,  39.25.  CjoHijOgCliSiz.  Calculated:  7^:  Si  9.33;  OCOCHj  39.33. 

D1  ch lo roph eny  1  tr ihy dro X y s i la ne.  26  g  dichlorophenyltriacetoxysilane  was  dissolved  in  156 
ml  edier.  The  resultant  solution  was  added  to  a  mixture  of  250  g  ice  and  250  ml  water.  The  aqueous  layer 
was  separated  from  the  ether  layer  and  extracted  with  75  ml  ether.  The  main  layer  and  the  ediereal  extract 
were  combined  and  wa.shed  twice  with  a  little  water,  and  the  ether  was  removed  by  evaporation  at  room 
temperature  in  an  air  stream.  The  residual  white,  pulverulent  substance  was  washed  with  benzene  and  dried 
to  constant  weight  in  a  vacuum -desiccator.  The  yield  ranged  from  15  to  207o  and  depended  upon  the  duration 
of  hydrolysis  and  of  evaporation  of  the  ether  (10-15  minutes).  The  crystalline  product  has  m.  p.  188"  (it  is 
simultaneously  transformed  into  polymers),  is  soluble  in  acetone,  ether  and  alcohol,  insoluble  in  benzene. 

The  product  was  analyzed  for  its  content  of  Si,  C,  H,  Cl  and  OH.  The  content  of  OH  groups  was  determined 
by  dehydration  of  a  weighed  sample  at  about  300'  and  collection  of  the  water  in  a  calcium  chloride  tube. 

Good  agreement  was  found  between  the  increase  in  weight  of  the  calcium  chloride  tube  and  the  loss  in  weight 
of  die  boat  conuining  the  sample.  This  shows  the  absence  of  pyrolysis  at  the  dehydrating  temperature. 

Found  7.:  C  32.92;  H  2,59;  Ci  31.66;  Si  12.63;  OH  22.21.  CgHgOjClaSi.  Calculated  7,:  C  32.01; 

H  2.68;  Cl  31.50;  Si  12.46;  OH  22.67. 

1.3- Bis-(dichlorophenyi)-tetrahydroxydisiloxane  was  prepared  similarly  from  5  g 

l,3-bis-(dichloropheuyl)-tetraacetoxydisiloxane.  Crystals  with  m.  p.  155"  soluble  in  alcohol,' ether  and 
acetone,  insoluble  in  benzene. 

Found  7rt  C  31.18;  H  3.19;  Si  13.01;  OH19.25.  CuHio05Cl4Si2.  Calculated  7o;  C  33.35;  H  2.33;  Si 

12.98;  OH  15.74. 

The  product  is  probably  contaminated  with  l,3-bis-(dichlorophenyl)-tetrahydroxydisiloxanc.  Only 
polymers  were  isolated  when  an  attempt  was  made  to  purify  it  by  recrystallization  after  redissolution, 

SUMMARY 

1 .  The  reaction  of  dichlorophenyltrichlorosilane  with  acetic  anhydride  was  investigated,  and  the 
reaction  was  used  as  a  basis  for  the  synthesis  for  the  first  time  of  dichlorophenyltriacetoxysilane  and  1,3-bis- 
(dichlorophenyi)-tetraacetoxysilane. 

2.  Hydroiysis  of  dichloropheuyitriacetoxysilane  gave  monomeric  dichiorophenyitrihydroxysilane,  an 


174 


intermediate  product  In  tlte  formation  of  organosilicon  polymers  by  the  hydrolysis  reaction. 
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BENZALAZINE  AND  ITS  DERIVATIVES 

I.  THE  ACTION  OF  HYDROGEN  CHLORIDE  ON  BENZALAZINE  AND  ITS  DERIVATIVES 
B.  M.  Bogoslovsky  and  T.  I.  Yakovenko 


Little  attention  has  been  paid  to  the  action  of  hydrogen  chloride  on  benzalazine  and  its  derivatives  and 
to  the  resultant  color  changes.  When  gaseous  hydrogen  chloride  is  passed  through  certain  symmetrical 
derivatives  of  benzalazine,  such  as  3,3’-and  4,4*-dihydroxy-,  3,3*-and  4,4'-dimethoxybenzalazines,  as  well 
piperonalazine,  vanillalazine  and  4,4’-bis(dimethylamino-)-benzalazIne,  dissolved  in  organic  solvents,  or 
on  treatment  of  them  with  dilute  mineral  acids,  they  are  known  to  form  deeply  colored  salts.  On  the  other 
hand,  benzalazine  is  converted  into  a  hydrochloride  whose  color  is  considerably  lighter  than  the  color  of  the 
starting  substance  [1-5].  The  authors  of  the  previous  papers  do  not  suggest  structural  formulas  for  the  hydro¬ 
chlorides  or  attempt  to  explain  this  phenomenon.  The  aim  of  our  investigation  was  to  make  a  systematic  study 
of  benzalazine  and  of  a  series  of  its  symmetrical  derivatives  conuining  electron-donating  and  electron- 
accepting  substituents  in  various  positions  relative  to  the  central  grouping  of  benzalazine,  of  the  general 
formula; 


A-<^ _ ^-CH=N-N=CH-(^ 


>-A. 


(A) 


(A) 


where  A=H,  NOj,  OH,  OCH3,  N(CH3)2,  N(C2H5)2,  Br. 

A  study  was  also  made  of  vanillalazine,  piperonalazine,  2,2*4,4*-tetrahydroxybenzalazine,  3,3*, 5,5*- 
tetrabromobenzalazine  and 2, 2', 4, 4; 6, 6*  -hexabromobenzalazine.  We  prepared  three  derivatives  of  benzalazine 
(4,4*-bisdiethylamino-,  3,3*-dibromo-  and  2,2*,4,4*,6,6’--hexabromobenzalazines)  for  the  first  time. 

The  colors  of  the  various  derivatives  of  benzalazine  are  fairly  similar  (see  table).  A  considerable 
change  of  color  is  observed  with  the  hydrochlorides  which  are  obtained  by  the  action  of  dry  hydrogen  chloride 
on  solutions  of  benzalazine  derivatives  in  organic  solvents  (with  the  exception  of  4,4*-dinitro-,  3,3*5, 5*- 
tetrabromo-  and  2,2*,4,4*,6,6*-hexabromobenzalazines  which  do  not  add  on  hydrogen  chloride  under  our 
chosen  conditions).  Depending  upon  the  structure  of  the  benzalazine  derivatives,  we  obtained  mono-or  dihydro¬ 
chlorides  differing  in  color  from  the  starting  product  and  exhibiting  sensitivity  to  the  action  of  atmospheric 
moisture.  Results  of  observations  on  the  change  of  color  during  formation  of  hydrochlorides  are  presented  In 
the  table.  Observations  were  made  visually,  and  also  (for  some  compounds)  spectrophotometrlcally.  The 
reflection  curves  confirm  the  visual  observations  (Figs.  1-5), 
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Fig.  1.  Reflection  curves. 

1)  Benzalazlne;  2)  benzalazine  mono- 
hydrochloride. 


^(in  mji) 


Fig.  2,  Reflection  curves. 

1)  3,3'-dlhydroxybenzalazine:  2)  3,3'-dihydro- 
xybenzalazine  hydinchloride;  3)  4,4*-dlhydroxy- 
benzalazine;  4)  4,4'-dihydroxybenzalazine 
hydrochloride. 


Fig,  3.  Reflection  curves. 

1)  3,3'-dimethoxybenzalazine;  2)  3,3’- dime thoxy- 
benzalazine  dihydrochloride;  3)  4,4*-dlmethoxy- 
benzalazine;  4)  4,4*-dlmethoxybenzalazine 
hydrochloride. 


Fig.  4.  Reflection  curves. 

1)  3,3*-bis-(dimeihylamino)-benzalazine; 

2)  3,3'-bis-(dimediylamino)-benzalazine 
dihydrochloride;  3)  4,4’-bis-(dimethylamino)- 
benzalazine;  4)  4,4’-bis-(dimeihylamino)- 
benzalazine  monohydrochloride;  5)  4,4'-bis- 
(dim ethylamino)-benzalazine  dihydrochloride. 

This  hypothe* 


A  salt-like  character  of  the  compounds  is  indi¬ 
cated  by  the  spectrophotometric  data,  since  the 
spectra  of  die  original  benzalazines  and  of  their  hydrogen  chloride-addition  products  are  similar, 
sis  is  in  full  harmony  with  the  conclusions  of  V.  A.  Izmailsky.  [6,7].  . 


The  data  in  the  table  indicate  that  the  color  of  the  hydrochlorides  of  benzallne  and  its  derivatives  is 
directly  dependent  upon  the  chemical  structure,  especially  on  the  nature  of  the  substituents  in  the  benzene 
rings  of  benzalazine  and  their  position  in  relation  to  the  central  atomic  grouping  of  benzalazine  and  in  rela  - 
tion  to  one  another.  Whereas  the  color  of  benzalazine  itself  and  of  its  meta-derivatiMes(nitro-,  bromo-, 
dimethylamino-  and  diethylamino-derivatives)  is  lightened  by  addition  of  hydrogen  chloride,  and  is  slightly 
deepened  in  the  case  of  meta-hydroxy  and  meta-raethoxy- derivatives,  the  hydrochlorides  of  para-derivatives 
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of  l>enznl.T/.<ne  are  always  more  deeply  rolorcd  tliaii  tlie  ori^'iiial  benzalazines  and  ilic  liydrorliloridcs  of  tlie 
ineta-derlvatives.  'I'he  rliararier  of  tlie  snbstltnciits  also  greatly  liiftnences  the  sliarp  intensifiratioM  of  color. 
Particularly  interesting  in  this  connection  arc  the  metliylamino-,  dirlhylamino-  and  hydroxy-derivatives,  A 
weaker  but  still  appreviable  effect  is  developed  by  niethoxy-  and  bromo-derivatives.  'j’he  color  is  strongly 
deepened  in  formation  of  the  hydrochlorides  of  piperonalar.ine,  vanillalazine  and  2,?.*,4,4'-tetrahydroxyben7,al- 
azlne. 

The  following  explanation  of  the  color  change  of  bcnzalazine  and  its  derivatives  may  be  advanced.  As 
we  know,  the  wave-length  of  absorbed  light  depends  directly  n|X)n  the  length  of  the  system  of  multiple 
conjugated  bonds  in  a  molecule.  Spectropho  tome  trie  Investigations  established  that  with  Increasing  number 
of  multiple  conjugated  bonds  in  tlie  molecule  there  is  a  uniform  increase  also  in  the  wave-length  of  the 
absorption  maximum  (8].  decisive  factors  for  the  development  of  color  in  compounds  containing  a  system 
of  multiple  conjugated  bonds  are  the  number  of  it  -electrons  in  the  molecule  and  their  mobility  [8,  10].  The 
latter  in  ntrn  depetids  upon  die  ability  of  tlie  atoms  in  tlie  molecule  to  accept  and  donate  electrons  [9],  and  it 
increases  when  one  of  the  atoms  of  the  molecule  acquires  a  charge  |8].  As  we  know,  molecules  with  multiple 
conjugated  bonds  are  characterized  by  a  large  displacement  of  electrons;  it  has  also  been  established  iliat  if 
the  charge  is  able  to  attach  itself  to  a  particular  atom  entering  into  the  composition  of  the  conjugated  system, 
then  this  is  associated  with  a  lightening  of  color  [9].  From  this  viewpoint,  we  can  explain  the  action  of 
hydrogen  chloride  on  benzalazine  in  the  following  manner:  the  color  of  benzalazine  itself  is  evidently 
governed  by  the  presence  of  a  system  of  conjugated  double  bonds,  and  tlie  electron  density  is  unifomi  to  a 
certain  degree: 


Hydrogen  chloride  probably  leads  to  formation  of  an  ammonium  salt  at  the  expense  of  one  of  the 
nitrogen  atoms  at  tlie  central  grouping  of  benzalazine: 


_ ^-CH=N-N=^CH-;^  ^ 

H 


CI-. 


The  resultant  development  of  a  positive  charge  at  one  of  the  nitrogen  atoms  entering  into  the 
composition  of  tlie  single  system  of  conjugated  double  bonds  also  evidently  lightens  tlie  color.  Since  benza¬ 
lazine  is  lacking  in  electron-donating  centers,  while  the  mobility  of  tlie  tt  -electrons  of  the  benzene  ring  is 
relatively  slight,  the  mobility  of  tlie  rr  -electrons  in  tliis  case  has  little  influence  on  the  color. 

Similar  behavior  should  be  manifested  by  meta-derivatives  of  benzalazine  independently  of  the 
character  of  tlie  substituent,  since  the  latter,  being  in  tlie  meta-position,  does  not  enter  into  the  system  of 
conjugated  double  bonds  and  consequently  its  unshared  and  rr  -electrons  do  not  participate  in  the  conjugation. 
The  foregoing  hypothesis  is  confirmed  in  great  measure  by  the  results  of  the  observations  (sec  table).  As  already 
pointedout,  thccolorof3,3'-dinitro-,  3,3’-dibromo-,  3,3'-bis-(diinethylamino)-  and  3.3'-bis-(dicthylamino)- 
benza)  azincs  is  1  iglitencd  by  salt  formation,  while  that  of  3, 3'  -  dihydroxy-  and  3, 3’  -dimcthoxybcnzalazines  is  slightly 
deepened. 

The  lightening  of  color  on  salt  formation  in  the  case  of  3,3’-dibromo-  and  3,3’-dinitrobenzalazines  is 
evidently  caused  by  the  same  factors  as  in  tlie  case  of  benzalazine.  Actually,  tlie  addition  of  hydrogen 
chloride  is  found  to  be  most  probable  only  at  tlie  nitrogen  atoms  of  the  central  grouping  of  benzalazine: 


2  Cl 
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or 


The  resultant  development  of  positive  cliarges  that  upset  tlie  system  of  conjugated  double  bonds  must  lead  to 
lightening  of  the  color  on  formation  of  hydrochlorides.  The  unshared  and  tt  -electrons  of  substituents,  not 
participating  in  the  conjugation,  evidently  cannot  exert  an  influence  on  tlie  color. 

In  tlie  case  of  3,3'-dihydroxy-  and  3,3'-dimethoxybenzalazines,  salt  formation  occurs  very  probably 
for  the  same  reason  as  in  the  preceding  cases,  i.e.  at  the  expense  of  the  nitrogen  atoms  of  the  central  grouping 
while  the  resultant  observation  of  deepening  of  the  color  must  be  attributed  to  the  possibility  of  intramolecular 
interaction  of  the  electron-donating  system  (A)  with  the  electron-accepting  system  (B)  in  accordance  with 
Izmailsky’s  theory  [11]. 


^1 

OH 


B 


^-CH=N-N=CH-<f  \ 
/  I 

^  OH 


ci- 


A  second  molecule  of  hydrogen  chloride,  in  tlie  case  for  example  of  3,3*-dimethoxybenzalazine,  adds 
on  either  to  die  other  nitrogen  atom  of  the  central  grouping  of  benzalazine  or  forms  an  oxonium  salt  at  the 
expense  of  one  of  the  methoxyl  groups.  According  to  die  literature,  methoxyl  groups  in  the  meta-position 
can  facilitate  the  fomiation  of  oxonium  salts  [12].  In  the  case  of  3,3’-bis-dimethylamino-  and  3,3*-diethylami- 
no-  derivatives  of  benzalazine,  which  form  dihydrochlorides,  the  color  is  lighter  than  in  the  original 
compound.  We  suggest  that  salt- formation  must  here  take  place  at  the  expense  of  the  electron-donating 
dialkylamino  groups  which  possess  a  weaker  basic  character  than  the  nitrogen  atoms  of  the  central  atomic 
grouping  of  benzalazine: 


/  CH=N— N^CH— (f  ^ 

'  I 

HN(CH3)2  HN(CH3)2. 


2CI-. 


In  our  opinion,  the  addition  of  one  of  the  molecules  of  hydrogen  chloride  to  a  nitrogen  atom  of  the 
central  atomic  grouping  of  benzalazine  must  be  rejected,  for  in  this  event  we  should  have  deepening  of  the 
color  of  die  dihydrochlorides  in  comparison  with  the  color  of  the  original  azine  (as  in  the  case  of  hydroxy- 
and  methoxy-  derivatives  of  benzalazine).  Hydrogen  chloride  does  not  add  on  to  3,3'5,5'-tetrabromobenza- 
lazine.  This  is  probably  the  consequence  of  the  lowering  of  the  basicity  of  the  nitrogen  atom  due  to  the 
considerable  inductive  effect  caused  by  die  accumulation  of  bromine  atoms  in  the  molecule. 

In  the  case  of  para-derivauves  of  benzalazine  with  electron-donating  substituents,  we  should  expect 
deepening  of  color  in  salt  formation  due  to  intensified  shifting  of  the  electronic  density  due  to  the  presence 
in  die  system  of  conjugated  double  bonds  of  substituents  carrying  unshared  or  tt  -electrons  in  the  it  -electron 
system  of  the  molecule,  and  also  due  to  the  stronger  intramolecular  interaction  between  the  electron-donating 
and  electron-accepting  systems.  As  we  see  from  the  data  in  the  table,  the  color  of  the  hydrochlorides  of  para- 
deijvatives  of  benzalazine  is  indeed  deeper  than  that  of  the  original  benzalazines.  A  particularly  strong 
change  of  color  occurs  in  die  formation  of  monohydrochlorides  of  dialkyl  derivatives  of  benzalazine  (4,4*-bis- 
dirnethylainino-  and  4,4*-bis-diethylaniinobenzalazines).  We  may  note  that  Pesez  and  Petit  [4],  who  studied 
die  red  monohydrochloride  of  4,4*-bis-dimethylamino-benzalazine,  assigned  a  quinoid  structure  to  it: 


(CH3)2N-^ _ 


-CH- 
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In  our  opinion,  however,  .1  qiiinoid  rearrangeiiient  ('annot  aceonni  in  this  case  for  the  sliarp  deepening 
of  color  (froin  yellow  to  red);  moreover,  tlie  investigations  of  V.  A.  Izniailsky  fO,  7]  iiidicare  the  absence  of  a 
qninoid  grouping  in  salt  formation. 

During  the  action  of  the  first  molecule  of  hydrogen  chloride,  a  proton  probably  joins  on  to  a  nitrogen 
atom  of  tlie  central  atomic  grouping  of  ben/alazine: 


(CH,),.N— CH=N-N-  CH-<^ 


-NfCHa), 


ci- 


since  if  addition  took  place  at  one  of  tlie  dimethylamino  groups  tlie  color  of  tlie  compound  would  have  been 
more  probably  lightened  due  to  the  exclusion  of  an  auxochrome.  This  view  is  supported  by  the  existence  of 
two  isomeric  forms  of  salts  of  aminoazo  compounds  which  differ  in  color  [13];  tlie  color  here  depends  on  tlie 
place  of  addition  of  tlie  elements  of  hydrogen  chloride.  Thus,  if  addition  is  at  a  nitrogen  atom  of  the  azo  group, 
tlien  the  color  of  the  salt  is  deeper  than  tliat  of  the  original  azo  compound.  But  if  the  hydrogen  halide  combines 
at  tlie  amino  or  dimetliyl  amino  group,  then  tlie  color  of  the  salt  differs  only  slightly  from  that  of  the  original 
azo  product. 

Further  support  to  the  view  tliat  a  molecule  of  hydrogen  chloride  first  combines  at  a  nitrogen  atom  of 
the  azometliine  group  is  afforded  by  the  concept  of  transfer  of  the  reaction  center  in  compounds  containing 
a  system  of  conjugated  double  bonds,  which  was  put  forward  by  A.  N.  Nesmeyanov.  The  latter  points  out, 
for  example,  tliat  in  the  action  of  an  acidic  agent  on  4-dim ethylaminoazobenzene  "  ...  tlie  attacking 
hydrogen  ion  combines  not  at  tlie  expected  place  of  attack  (an  amino  nitrogen)  but  at  the  niuogen  which  is 
usually  extraordinarily  weakly  basic"  [14],  due  to  transfer  of  the  reaction  center  of  the  molecule  to  another 
atom  along  tlie  system  of  conjugated  double  bonds. 

The  positive  charge  developed  as  a  result  of  addition  of  hydrogen  chloride  to  a  nitrogen  atom  of  the 
central  atomic  grouping  of  benzalazine  also  upsets  the  system  of  conjugated  double  bonds,  but  at  the  same  time 
it  increases  the  mobility  of  the  tt  -electrons  of  the  molecule,  and  the  absorption  is  shifted  in  the  direction  of 
tlie  long  v.  aves; 


a“ 


In  this  case,  also,  it  is  possible,  just  as  in  the  case  of  meta-derivatives,  that  an  additional  factor 
influencing  tlie  color  is  the  intramolecular  reaction  of  tlie  electron-donating  system  A  with  the  electron- 
accepting  system  B. 

Addition  of  a  second  molecule  of  hydrogen  chloride  lightens  the  color.  Thus,  the  color  of  4,4’-bis- 
diethylaminobenzalazine  is  nearly  equal  to  the  color  of  the  original  product.  The  second  molecule  of 
hydrogen  chloride  evidently  adds  on  at  the  diethylamino  group.  The  absence  of  an  auxochrome  at  the  same 
time  desuoys  the  electron-donating  center,  with  die  result  that  the  color  is  lightened; 

CH:^y-N  =  CH 
*-  H 
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A  fairly  marked  deepening  of  color  on  formation  of  monoliydroclilorides  is  also  observed  with  4,4*-dlhy- 
droxy-  and  4,4’-dimethoxyben7.alazlnes,  piperonalazine.  vanillalazine  and  2,2*,4,4’-tetrahydroxybenzalazine. 

The  profound  color  change  in  formation  of  hydrochlorides  of  4,4’ -dihydroxy-  and  4,4*-dimethoxybenza- 
lazines  cannot,  in  our  opinion,  be  explained  by  die  formation  of  oxoninm  salts  and  their  further  rearrange¬ 
ment  to  compounds  with  a  quinoid  structure,  for  example; 


CH^N-N^CH— ^-6h 
H 


Cl-  — 


HO-<^  ^-CH=N— N-CHi=<^ 

H 


ci- 


which  likewise  conflicts  with  tlie  observations  of  V.  A.  Izmailsky,  according  to  whom  the  quinoid  structure 
cannot  account  for  the  color  of  the  salts. 

In  die  cases  just  considered,  hyditogen  chloride  evidently  adds  on  to  a  nitrogen  atom  of  the  central 
grouping.  The  development  of  a  positive  charge  at  the  nitrogen  atom  increases  the  mobility  of  the  tt  -electrons 
of  die  system,  due  to  which  the  absorption  is  displaced  towards  longer  waves,  e.g.: 


cr 


At  the  same  time  a  partial  positive  charge  is  developed  at  the  oxygen  atom  of  the  hydroxy  or  methoxy 
group  due  to  the  shift  of  the  electronic  density,  and  this  hinders  the  addition  of  the  second  molecule  of 
hydrogen  chloride.  In  consequence  the  derivatives  of  azines  in  question,  only  give  monohydrochlorides. 

Intramolecular  reaction  between  the  electron-donating  system  (A)  and  the  electron-accepting  system 
(B)  is  also  a  possibility  in  the  above  cases,  according  O)  the  scheme: 


^-CH=N-N=CH-<f 

I 

H 


ci- 


Since  the  color  of  the  hydrochlorides  of  vanillalazine  and  piperonalazine  is  nearly  the  same  as  that 
of  4,4’-dihydroxybenzalazine  hydrochloride,  we  can  advance  the  same  explanation,  namely  the  formation 
of  ^n  ammonium  salt  at  the  expense  of  one  of  the  nitrogen  atoms  of  the  central  atomic  grouping.  The  bond 
bettveen  the  oxygen  in  piperonalazine  and  the  methylene  group  evidently  exerts  little  influence  upon  the 
change  of  electronic  structure  of  the  compound  as  a  whole. 


CH^-^=  CH 
I 

H 
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Vanillalazine  hydrorliloride  very  probably  possesses  a  similar  electronic  structure.  In  this  case  again, 
the  addition  of  a  molecule  of  liydrogen  chloride  is  only  possible  at  the  expense  of  a  nitrogen  atom.  But  the 
formadon  of  an  oxonium  salt  is  improbable  since  die  liydroxy  and  methoxy  groups  in  the  ortho-posidon 
are  connected  by  an  intramolecular  hydrogen  bond,  as  was  proved  by  die  investigations  of  M.  I.  Batuev  on 
guaiacol  fib]. 

The  presence  of  an  intramolecular  hydrogen  bond,  liowever.does  not  substantially  prevent  the 
ff  -electrons  of  die  hydroxy  group  from  participadng  also  in  die  tt  -conjugation: 


Cl 


Tlie  described  electronic  structure  of  the  hydrochloride  of  vanillalazine  is  similar  to  that  of  the 
hydroi'hlorides  of  4,4'-diliydroxybenzalazine  and  piperonalazine  and  may  account  for  dieir  substantially 
identical  color. 

No  full  explanation  can  yet  be  given  of  the  rather  lighter  color  of  die  monohydrochloride  of  2,2*, 4,4'- 
tetrahydroxybenzalazine  in  comparison  with  die  color  of  die  hydrochloride  of  4,4*-dihydroxybenzalazine. 

In  die  case  of  4,4*-dibromobenzalazine,  whose  bromine  atoms  manifest  relatively  weak  electron- 
donating  properties,  the  formation  of  the  monohydrochloride  leads  to  only  slight  deepening  of  color.  Addition 
of  hydrogen  chloride  evidently  likewise  takes  place  at  the  expense  of  a  nitrogen  atom  of  the  central  grouping: 

CH=^N-^= 

H 

4,4*-Dinitro-  and  2,2*,4,4*,6,C*-hexabromobenzalazines  do  not  add  on  hydrogen  chloride.  The  probable 
cause  of  diis  behavior  is  the  considerable  migration  of  the  electron-donating  center  from  the  nitrogen  atoms 
of  die  azine  grouping,  due  in  the  case  of  4,4*-dinitrobenzalazine  to  the  presence  of  electron-accepting 
substituents,  and  in  die  case  of  2,2',4,4',6,6*-hexabromobenzalazine  to  the  great  inductive  effect  of  the  large 
number  of  bromine  atoms. 


EXPERIMENTAL 

Preparation  of  benzaline  and  its  derivatives.  Benzalazine  and  its  derivatives  were 
prepared  by  reaction  of  an  aqueous  alcoholic  solution  of  2  moles  of  the  appropriate  aldehyde  with  hydrazine 
while  heating  on  a  boiling  water  badi  for  1-2  hours.  The  products  usually  came  down  and  after  numerous 
recrystallizations  they  were  subjected  to  further  study.  3,3'-Dibromo-,  2,2’,4,4'6,6*-hexabromo-and  4,4*-bis- 
diethylaminobenzalazines,  not  previously  described  in  the  literature,  were  obtained  by  die  above  method  and 
had  die  following  properties:  3,3'-Dibromobenzalazine:  greenish-yellow  needles;  readily  soluble  in  acetone, 
alcohol  and  ether.  M.  p.  160-161°. 

Found  ^o:  N  7.63.  CMHioN2Br2.  Calculated  N  7.73. 

2,2’,4,4',6,6*-lIexabromobenzalazirie:  light-yellow  needles  from  chloroform;  good  solubility  in 
alcohol  and  benzene.  M.  P.  238.3-239.3*. 

Found  N  4.4.  Cj4H5N2Br5.  Calculated  ,  :  N  4.35. 

4,4'-Bis-diediyIaminobenzalazine:  yellow  crystals  from  benzene;  good  solubility  in  alcohol,  poor 
solubility  in  edier  and  ligroine,  M.  p.  184-183°, 
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Found  r;,:  N  16.09.  C22H30N4.  Calculated  N  16.20. 

Preparation  of  hydrochlorides  of  benzalazine  and  its  derivatives.  Benzalazine 
(or  a  derivatiye)  was  dissolved  in  the  cold  in  one  of  the  dehydrated  organic  solvents  (benzene,  ether,  chlorofomt 
or  acetone),  after  whicii  a  stream  of  dry  hydrogen  chloride  was  passed  into  the  solution  for  15-20  minutes.  The 
precipitated  hydrochloride  was  collected,  washed  with  absolute  ether  and  dried  to  constant  weight  in  vacuum. 

A  weighed  sample  of  the  hydrochloride  was  dissolved  in  a  little  aqueous  alcohol  and  analyzed  for  its  chlorine 
content  either  by  direct  titration  with  0.1  N  KOH  or  by  die  Volhard  method  (in  the  case  of  hydroxy  derivatives 
of  benzalazine).  Results  are  given  in  the  table. 


U _ .^-J _ 1 _ 1 _ I - ■ - . - _ , 

msis  sso  575535  6Z06wm 


A  (in  mp) 

Fig.  5.  Reflection  curves.  1)  3,3’-bis-(diethyl- 
amino)-bcnzalazine,  2)  3,3’-bis-(diethylamino)- 
bcnzalazine  dihydrochloride,  3)  4, 4'-bis-(diethyl- 
amino)-benzalazine,  4)  4,4’-bis-(dicthylamino)- 
benzalazine  monohydrochloride,  5)  4,4'-bis- 
(dicthylamino)-benzalazine  dihydrochloride. 

SUMMARY 

1 .  Tlie  preparation  was  carried  out  of  18  symmetrical  derivatives  of  benzalazine  containing  various 
substituents  of  an  electron-donating  and  electron-accepting  character  in  different  positions  in  relation  to  the 
central  grouping  of  benzalazine. 

2.  On  treatment  with  dry  hydrogen  chloride,  most  of  the  synthesized  derivatives  form  hydrochlorides 
which  differ  markedly  in  color  and  a  number  of  other  properties  from  the  starting  compounds. 

3.  Analysis  of  the  hydrochlorides  shows  that  benzalazine  and  its  derivatives  can  add  on  one  or  two 
molecules  of  hydrogen  chloride  depending  upon  their  chemical  structure.  The  majority  of  the  hydrochlorides 
that  were  prepared  and  investigated  have  not  been  described  in  the  literature. 

4.  The  color  of  the  hydrochlorides  of  benzalazine  derivatives  depends  directly  upon  the  chemical 
structure  of  the  compound,  in  particular  upon  the  nature  of  the  substituents  and  their  position  relative  to  the 
central  atomic  grouping  of  benzalazine  and  probably  to  one  another. 

5.  On  the  basis  of  modern  electronic  theory  an  attempt  is  made  to  explain  the  changes  of  color  of 
benzalazine  derivatives  observed  after  treatment  with  dry  hydrogen  chloride. 

6.  The  following  have  been  prepared  and  studied  for  the  first  time:  3,3*-dibromo-,  2,2',4,4*,6,6’-hexa- 
bromo-  and  4,4'-bis-(diethylamino)-benzalazines;  also  the  hydrochlorides  of  3,3’-dinitro-,  3,3*-bis-  (dime- 
thylamlno)-,  4,4’-bIs(dimethylamino)-,  3,3'-bis-(diethylamino)-,  4,4’-bis-(diethylamino)-,  3,3’-dihydroxy-, 
4,4'-dihydroxy-,  3,3’-dfmethoxy-,  2,2’,4,4’-tetrahydroxy-,  3,3’-dimethoxy-,  4,4’-dimethoxy-,  3,3'-dibromo- 
and  4,4*-dibromobenzalazines. 
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THE  REACTION  OE  DI A  L  K  Y  L  PH  OS  PH  O  RO  U  S  ACIDS  WITH 
ALDEHYDES  AND  KETONES 


esters  on  a- HYDROXY- NITROBENZYLPHOSPHINIC  ACIDS 
V.  S.  Abramov 


In  1950  I  discovered  the  reaction  of  condensation  of  dialkylphosphorous  acids  with  aldehydes  and 
ketones  [1]  which  leads  to  formation  of  esters  of  substituted  o-hydroxymethylphosphinic  acid.  We  made  a 
systematic  study  of  these  compounds  [2].  Apart  from  the  work  published,  we  also  studied  the  action  of 
dialkylphosphorous  acids  on  various  compounds  containing  a  carbonyl  group,  such  as  esters  and  amides  of 
carboxylic  acids.  The  susceptibility  of  carbonyl  compounds  to  enter  into  reaction  with  nucleophilic  react¬ 
ants  decreases  in  the  following  order;  aldehydes  >  ketones  >  esters  >  acids.  Acid  amides  manifest  the 
same  effect  as  esters  [3].  Although  the  reactivity  also  falls  off  in  the  same  order,  it  was  nevertheless  tempting 
to  Investigate  tlie  reaction  of  dialkylphosphorous  acids  with  esters,  in  particular  of  formic  acid.  The  latter  have 
an  aldehydic  group  bound  to  an  alkoxy  group.  We  studied  the  action  of  dialkylphosphorous  acids  on  methyl 
and  ethyl  fonnates  and  on  methyl  and  ethyl  benzoates.  The  reactions  do  not  go  under  the  usual  conditions 
that  we  have  described  for  aldehydes  and  ketones  in  presence  of  alkoxides  of  the  alkali  metals.  Negative 
results  were  likewise  obtained  in  reactions  with  other  compounds  containing  a  carbonyl  group. 

Other  investigators  have  also  studied  tlie  condensation  of  dialkyl  phosphorous  acids  with  carbonyl 
compounds.  An  American  patent  [4]  describes  the  condensation  of  diethyl  phosphrous  acid  with  aldehydes 
and  ketones  using  triethylamine  as  catalyst.  Chloral  and  dialkyl  phosphorous  acids  react  in  the  entire  absence 
of  a  catalyst  [5].  The  reaction  is  exothermic,  so  that  the  products  of  reaction  must  be  cooled  with  water. 

In  a  review  article  [6]  A.  N.  Pudovik  describes  methods  of  preparation  of  esters  of  alkyl  phosphinic 
acids,  including  esters  of  a-hydroxyalkyl  phosphinic  acids.  No  reference  is  made  in  the  paper,  however,  to 
the  work  of  V.  Abramov  [1]  and  A.  N.  Pudovik  [7],  possibly  in  order  that  the  review  of  the  condensations  of 
dialkyl  phosphorous  acids  with  aldehydes  should  commence  with  his  own  work  [8  ]. 

The  present  work  deals  witli  condensations  of  dialkyl  phosphorous  acids  with  nitrobenzaldehydes.  Addi¬ 
tion  of  a  catalyst  (a  solution  of  sodium  ethoxide  in  methyl  alcohol)  causes  the  color  of  the  reaction  mass  to 
change  from  green  to  blue.  Heat  evolution  is  not  observed  when  dialkyl  phosphorous  acids  are  mixed  with 
nitrobenzaldehydes.  Prolonged  sunding  of  the  reaction  mixture  at  room  temperature  or  better,  at  a  slightly 
elevated  temperature  (30-50°), leads,  however,  to  formation  of  esters  of  a-hydroxynitrobenzylphosphinic  acid. 

The  esters  gradually  crystallize  from  the  liquid  mixture  of  reactants.  Condensation  of  dialkyl  phosphorous 
acids  with  nitrobenzaldehydes  can  be  accelerated  by  using  metallic  sodium  dietliyl  phosphite  as  catalyst.  The 
reaction  dien  goes  in  the  course  of  a  few  days. 

The  rate  of , tlie  above  condensations  is  very  much  slower  tlian  that  of  others  so  that  we  cannot  draw  any 
conclusions  about  tlie  effect  of  the  nitro  group  on  the  reaction  course. 

Properties  and  yields  of  esters  of  a-hydroxynitrobenzylphosphinic  acids  are  presented  in  Tables  1  and  2. 

When  using  sodium  ethoxide  as  c  atalyst,  the  condensations  of  dialkyl  phospliorous  acids  witli  aldehydes 
and  ketones  proceed  in  alcoholic  solution  with  remarkably  high  speed  with  much  evolution  of  heat.  They  may 
be  represented  by  the  scheme: 
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1.  e.,  an  Ionic  inechanism  is  involved. 


TABLE  1 

Esters  of  a-Hydroxy-in-nitrobenzylpIiospliliiic  Acid  (ROKP— CH^  ^ 


R 

Melting 

point 

Yield  of  re- 
crystallized 
substance 
(%) 

Phosphorus  content 

Found 

Calculated 

CH;,  .... 

86—87° 

31.8 

11.55,  11.72 

11.88 

C2H5  .  .  . 

92-93 

62.8 

10.52,  10.65 

10.73 

C,H7  .  .  . 

68—69 

49.5 

9.59,  9.75 

9.78 

iso.‘CiH7  •  . 

101-102 

73.0 

9.83,  9.84 

9.78 

C<Ho  .  .  . 

40-42 

63.0 

8.87,  8.93 

8.98 

Iso  -C4H9  .  . 

80—81 

48.9 

8.92,  9.03 

8.98 

TABLE  2 

Esters  of  a-Hydroxy-nitrobenzylphosphinic  Acid  (RO)2P— CHCJH4NO2 

O  OH 


R 

Position  oH 
NO2 
^roup 

Melting 

point 

%Yield  of 
recrystalli¬ 
zed  sub-  1 
stance 

Iphosphorus  content 

Found 

Calculated 

CH3.  .  .  . 

Ortho 

109—109.5° 

53.2 

12.06,  12.17 

11.88 

iso  • 

Ortho 

116 

63.5 

9.57,  9.67 

9.78 

CH3. . . . 

Para 

131-132 

i 

50.8 

11.85,  11.74 

11.88 

1 

1 

Condensations  of  dialkyl  phosphorous  acids  witli  nitrobenzaldehydes  without  catalyst  and  in  presence 
of  metallic  sodium  diethyl  phosphite  take  place  without  release  of  heat  and  are  completed  after  a  long 
period.  It  must  be  assumed  that  they  proceed  by  a  different  mechanism,  i.  e.,  by  a  molecular  mechanism  as 
is  usually  the  case  for  organic  reactions,  or  possibly  by  an  ionic-molecular  mechanism.  Other  reactions 
proceed  similarly  in  analogous  conditions.  On  introducing  metallic  sodium  into  a  mixture  of  the  benzal- 
dehyde  and  diethyl  phosphorous  acid,  no  heat  is  evolved  and  the  reaction  goes  quietly.  It  is  completed  in 
3  days  with  formation  of  a  dense  crystalline  mass.  Cyclohexanone  and  diethyl  phosphorous  acid  give  a 
crystalline  product  only  after  brief  heating  and  standing  for  a  week.  Yield  about  Both  tliese  reactions 

go  very  vigorously  with  much  heat  development  in  presence  of  an  alcoholic  solution  of  sodium  etlioxide  |2]. 
After  cooling,  a  dense  crystalline  mass  is  obtained.  The  alcoholic  medium  promotes  ionization. 

The  methyl  esters  of  a-hydroxyiiitrobcnzylphosphinic  acids  exhibit  slight  physiological  activity. 


i:  X  P  E  lU  M  !•  N  T  A  !, 


Dlalkyl  phosphorous  acids  were  reacted  with  nitrobeiixaldehydes  in  small  flasks  into  which  equimolar 
amounts  of  acid  and  aldehyde  were,  cliarj^cd.  rlic  contents  of  llie  flask  were  cautiously  heated  until  tlie  nltro- 
benzaldehyde  liad  completely  dissolved.  The  nitrobenzaldchyde  crystallized  out  when  the  solution  was  kept 
at  room  temperature.  Reaction  mixtures  are  best  kept  at  temperatures  of  .'lO-hO* ••.  Tlie  reaction  products  then 
remain  in  solution.  Crystals  ol  esters  began  to  appear  after  a  very  considerable  period  of  one  to  two  months. 
The  reaction  was  considered  at  an  end  when  the  content  of  the  fla.sk,  or  a  considerable  proportion,  was 
transformed  into  a  dense  crystalline  ma.ss.  Tire  crystals  were  filtered,  washed  with  cyclohexane  and  rectyst- 
alllzed  front  cyclohexane  or  from  cyclohexane-alcohol  or  aqueous  alcohol. 

Experiments  were  repeated  with  introduction  into  the  reaction  mixture  of  a  .small  piece  (size  of  a  small 
pea)  of  metallic  .sodium  or  two  to  three  drops  of  sodium  diethyl  phospliite.  The  sodium  diethyl  phosphite  was 
prepared  by  the  action  of  metallic  sodium  on  dietliyl  pliosphorous  acid  in  a  test  tube.  It  formed  a  viscous  mass. 
The  reaction  was  completed  more  quickly  in  pre.sence  of  a  catalyst  —  in  a  few  days  to  two  weeks. 

SUMMARY 

Nitrobenzaldehydes  react  with  dialkyl  phosphorous  acids  without  a  catalyst  and  give  esters  of  a-hydro- 
xynitrobenzylphosphinic  acids.  The  reaction  is  .slow  at  30-50°,  The  condensations  can  be  accelerated  by  using 
metallic  sodiun)  or  sodium  dietliyl  phosphite  as  catalyst. 

9  esters  of  ot-hydroxynitrobenzylphosphinic  acids  were  prepared. 
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THE  REACTION  OF  D1  ALKYL  PHOSPHOROUS  ACIDS 


WITH  ALDEHYDES  AND  KETONES 

XI.  ESTERS  OF  a-HYDROXY-p-METHYLBENZYLPHOSPHINIC  ACID 

V.  S.  Abramov  and  Sh,  Pall 

This  paper  reports  experiments  on  the  condensation  of  p-tolualdehyde  with  dialkyl  phosphorous  acids. 
The  condensation  was  performed  by  dropwise  addition  of  a  solution  of  sodium  methoxide  in  methyl  alcohol 
to  an  equimolar  mixture  of  p-tolualdehyde  and  dialkyl  phosphorous  acid.  The  reaction  went  rapidly  and 
with  much  heat  development.  The  reaction  velocity  was  approximately  the  same  as  that  of  condensations 
of  dialkyl  phosphorous  acids  with  benzaldehyde.  It  was  not  possible  to  establish  any  differences  between 
these  reactions.  It  must  be  assumed  tliat  tlie  reactions  proceed  by  an  ionic  mechanism  [1]. 

The  properties  of  tlie  prepared  esters  of  a-hydroxy-p-metliylbenzyl-phosphinic  acid  are  presented  in 
the  table. 

TABLE 


Esters  of  a-Hydroxy-p-methylbenzylphosphinic Acid  (RO)2P“  CH^  /CH3 

II  I 

O  OH 


Temperature 
rose  during 
reaction 
from  20”  to 

Melting 
point  of 

ester 

Phosphorus  content 

Yield 
(in  %) 

Found 

Calculated 

95° 

CH, 

92—93° 

13.43,  13.45 

13.48 

84 

78 

C2H5 

95—% 

11.99,  11.93 

12.02 

50 

94 

n  -C^H7 

45—52 

10.82,  10.65 

10.84 

58 

101 

iso  -(jjH, 

124-125 

10.74,  10.73 

10.84 

70 

86 

C4H9 

— 

9.86,  9.80 

9.87 

91 

48 

iso  *C4H9 

67-68 

9.84,  9.78 

9.87 

25 

The  esters  are  sparingly  soluble  in  cyclohexane,  readily  soluble  in  alcohol.  Methyl,  ethyl  and  isopropyl 
esters  of  a-hydroxy-p-methyl-benzylphosphinic  acid  crystallize  nicely.  The  propyl  and  isobutyl  esters  do 
not  crystallize  satisfactorily.  These  esters  are  camphor-like  in  properties.  The  propyl  ester  could  not  be  re¬ 
crystallized  and  therefore  has  an  unsharp  melting  point. 

The  butyl  ester  of  a-hydroxy-p-metliylbenzylphosphinic  acid  is  a  viscous,  glycerol-like  liquid 
(purified  by  washing  |2]): 

n^  1.4950,  d^®^  1,1248,  81.41.  Ci6H27t)4P.  Calc.  79.85. 
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SUMMARY 


Six  esters  of  «-hydroxy-p-methylbenzylphosphlnlc  arid  were  prepared. 
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REACTIONS  OF  DT  A  F.  K  Y  LP  H  OS  P  HORO  US  ACIDS  WITH 


ALDEHYDES  AND  KETONES 

XII.  ESTERS  OF  a-HYDROXY-a-FURYLPHOSPHINIC  AND 
a  -  HYDROX  Y-a  -  THENYLPHOSPHINIC  ACIDS 

V.  S,  Abramov  and  A.  S.  Kapustina 


We  previously  published  a  communication  on  the  reaction  of  dialkylphosphorous  acids  with  6-quinoIineaI- 
dehyde.  The  products  of  this  reaction  were  esters  of  a-hydroxy-(6-quinolyl)-methylphosphinic  acid,  i.  e., 
esters  of  substituted  a-hydroxymethylphosphinic  acid  containing  an  heterocyclic  radical  were  obtained  [1], 

It  was  interesting  to  perform  the  condensation  of  dialkylphosphorous  acids  with  other  heterocyclic  aldehydes. 

In  tlie  present  paper  we  describe  tlie  results  of  reaction  of  dialkylphosphorous  acids  with  furfural  and  a-thio- 
phenealdehyde.  The  two  latter  substances  can  react  with  dialkylphosphorous  acids  either  at  the  carbonyl 
group  [2]  or  at  the  double  carbon-carbon  bond  [3],  and  possibly  also  at  the  conjugated  system  of  double  bonds. 
The  investigation  showed  that  under  our  chosen  conditions  the  reactions  go  at  the  carbon-oxygen  bond  and 
give  esters  of  a-hydroxyfurylphosphinic  and  a-hydroxy-a-thenylphosphinic  acids  according  to  the  scheme; 


(ROjoPOH 


(RO)2P-cJ[  J 
II  I  V* 

O  OH  ^ 


where  sulfur  replaces  oxygen  in  the  ring  in  the  case  of  thiophenealdehyde. 

A  catalyst  was  added  to  an  equimolar  mixture  of  dialkylphosphorous  acid  and  furfural  or  a-thiophene- 
aldehyde.  For  the  catalyst  we  used  a  solution  of  sodium  methoxide  in  methyl  alcohol,  triethylamine  (mentioned 
in  an  American  patent  [4]), and  pyridine.  It  must  be  pointed  out  that  reactions  with  furfural  and  a-thiophene- 
aldehyde  go  less  energetically  than  with  aliphatic  or  aromatic  aldehydes.  Triethylamine  is  a  weaker  catalyst 
than  solutions  of  alkoxides  of  alkali  metals  and  it  must  be  used  in  larger  amount.  The  temperature  of  the 
reaction  mixture  rises  slowly  and  gradually.  In  some  cases,  however,  triethylamine  is  a  more  acceptable  and 
convenient  catalyst.  The  reactions  go  very  slowly  with  pyridine;  actually  it  is  difficult  to  establish  whether 
pyridine  functions  as  a  catalyst. 

Properties  and  yields  of  tlie  prepared  esters  of  a-hydroxy-a-furylphosphinic  acid  and  a-hydroxy-a- 
thenylphosphinic  apid  are  presented  in  Tables  1  and  2. 
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TABLE  1 


Esters  of  of-Hydroxy -a-fnrylpliospliiiilc  Arid  (RO)2P-  cji  jj 

II  I  o 

()  OM 


f 


MRd 

Phosphorus  content 

Yield  * 

R 

"d 

Found 

Cal¬ 

culated 

Found 

Cal-  1 
culated  | 

CH, . 

14.98,  14.85 

15.04 

33 

C,H,  { 

1.4760 

1.2155 

54.32 

)  54.66 

13.20,  13.25  • 

1  13.25 

60 

1.4795 

1.2202 

54.42 

13.07,  12.94 

50  , 

ISO-C3H7  .  . 

— 

— 

— 

— 

11.62,  11.66 

11.83 

47 

C4H9  .... 

1.4700 

1.1044 

73.26 

73.13 

10.47,  10.45 

10.69 

44 

iso  -C4H0  .  . 

1.4655 

1 

1.0945 

1 

73.33 

73.14 

10.10,  10.51 

10.69 

44 

TABLE  2 

Esters  of  a-Hydrbxy-a-thenylphosphinic  Acid  (ROijP— CH 

II  I  ‘S 
O  OH 


R 

"D 

•'a 

a:Rd 

Phosphorus  content  (74 

Yield 

(74 

Found 

1  Cal- 
1  culated 

1  Found 

rCaF^ 
j  culated 

CH, . 

1 

I 

13.73,  13.60 

r . 

13.96 

36 

C0H5 . 

1.5135 

1.2451 

60.40 

61.09 

12.40,  12.39 

12.40 

53 

iso  -  C3H7  .  .  . 

— 

— 

— 

— 

11.14,  11.07 

11.15 

31 

C4H« . 

1.5015 

1.1436 

79.53 

79.56 

9.95,  10.12 

10.13 

67 

iso-C4H9  .  .  . 

1.4960 

1.1340 

79.83 

79.56 

10.18,  10.06 

10.13 

54 

CnH, . 

1.5280 

1.2321 

69.48 

1 

69.39 

11.30,  11.31 

11.31 

61 

EXPERIMENTAL 

Methyl  ester  of  a-hydroxy-a-furylphosphinic  acid.  Triethylamine  was  run  into  a 
mixture  of  19.2  g  furfural  and  22,0  g  dimethylphosphoroi’s  acid.  The  temperature  of  the  reaction  mixture 
started  to  rise  only  after  5-6  drops  of  triethylamine  had  been  added,  and  it  rose  to  95*.  The  mixture  was 
cooled  with  a  water  stream.  The  reaction  product  turned  yellow  and  thickened  up  considerably  before 
crystallizing.  It  was  recrystallized  from  a  mixture  of  anhydrous  alcohol  and  cyclohexane  (20:80).  Yield 
13.5  g  (32,8  %).  Ki.  p.  47-48* .  A  determination  of  the  hydroxyl  group  gave  8.507n  (calculated  8.257o). 


•  B.  p.  179-180*  at  3  mm  with  very  slight  decomposition. 


> 
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Ethyl  ester  of  a-hydroxy-a-furylpliospliliiic  acid.  A  few  drops  of  sodium  methoxide 
solution  were  ^rdded  To  a7TiTrturFofl9.2  gliTriuTarandir^  acid.  The  reaction  mixture 

turned  brown  and  tlie  tcnipcrature  rose  to  86".  Purification  was  effected  by  washing  with  an  equal  volume  of 
sodium  bisulfite  solution  and  witli  sodium  ciiloride  solution,  since  the  product  was  appreciably  soluble  in  water. 
Tlie  reaction  goes  more  slowly  witli  tricthylamine  and  rlie  product  is  light-yellow.  A  colorless  product  is 
obtained  If  tlie  reaction  is  conducted  at  a  temperature  not  higher  than  45*.  Yield  24.0  g  (50  %).  In  one  of 
tlie  experiments  the  reaction  product  was  distilled  in  vacuum  and  had  b.  p.  179-180*  at  3  mm.  Very  slight 
decomposition  occurred  during  distillation.  Table  1  shows  that  in  the  case  of  the  distilled  product  tlie  constants 
were  slightly  lower  and  the  phosphorus  content  was  higher,  evidently  due  to  the  presence  of  decomposition 
products. 

Isopropyl  ester  of  of-hydroxy-a-furylphosphinic  acid.  To  a  mixture  of  12. 1  g 
furfural  and  21.0  g  diisopropylphosphorous  acid  was  added  3  drops  of  sodium  methoxide  solution.  The 
temperature  rose  to  38°,  After  a  period  of  12  hours,  another  few  drops  of  sodium  methoxide  were  added.  The 
temperature  rose  to  70".  The  product  turned  pale-yellow  and  thickened  considerably;  after  a  short  time  it 
crystallized,  lire  substance  was  twice  recrystallized  from  a  mixture  of  alcohol  and  cyclohexane  (20:80)  M.  p. 
61-62°.  Yield  15.2  g  (47  "/o). 

Butyl  ester  of  a  -  hy  dr  o  x  y  -  a  -  f  u  r  y  Iphosph  i  n  i  c  acid,  2  ml  triethylamine  was  gradually 
added  to  a  mixture  of  19.2  g  furfural  and  38.8  g  dibutylphosphorous  acid.  No  considerable  rise  of  temperature 
was  observed.  The  progress  of  the  reaction  was  followed  tlirough  the  change  in  refractive  index  which  became 
constant  after  72  hours.  The  product  was  purified  by  washing  with  sodium  bisulfite  solution  and  sodium 
chloride  solution.  Tt  was  dried  and  decolorized  by  passing  through  a  column  packed  with  anhydrous  alumina, 
20  cm.  high.  Yield  25.5  g  (44  %,  large  losses  in  the  column). 

Isobutyl  ester  of  a  -  hy  d  r  ox  y  -  a  -  f  u  r  y  1  pho  sph  ini  c  acid.  0.1  ml  triethylamine  was 
added  to  a  mixture  of  9.6  g  furf'ural  and  19.4  g  dlTsobutylphospliorous  aetdi  No  temperature  rise  was  observed. 
The  course  of  the  reaction  was  followed  from  the  change  in  refractive  index.  The  reaction  was  completed  in 
60  liours.  The  product  was  purified  by  washing  with  sodium  bisulfite  solution  and  sodium  chloride  solution, 
and  dried  to  constant  weight  and  constant  refractive  index  in  a  vacuum -desiccator.  Yield  12.8  g  (44  %). 

Methyl  ester  of  a  -  hy  dr  ox  y- a  -  th  eny  1  pho  sph  i  ni  c  acid.  Several  drops  of  a  solution  of 
sodium  methoxide  were  run  into  a  mixture  of  40  g  a-thiophenealdehyde  and  3.9  g  dimethylsphosphorous  acid. 
The  temperature  of  the  reaction  mixture  rose  rapidly  to  82°.  The  product  crystallized  when  it  was  poured  off. 
Recrystallization  was  effected  from  a  mixture  of  alcohol  and  cyclohexane  (20:80),  M,  p.  65-66°.  Yield  2.9  g 
(36  A  determination  of  the  hydroxyl  group  gave  a  value  of  7.94  and  7, 747o  (calculated  1.65%). 

Ethyl  ester  of  a-hydroxy-a-  thenylphosphinic  acid.  A  total  of  2m  1  triethylamine 
was  run  gradually  into  a  mixture  of  13.5  g  a-thiophenealdehyde  and  16.7  g  diethylphosphorous  acid.  The 
temperature  of  the  reaction  mass  gradually  rose  to  100°,  The  product  was  purified  by  washing  with  a  solution 
of  sodium  bisulfite  and  sodium  chloride.  Yield  16.0  g  (53  %).  Determination  of  the  hydroxyl  group  gave  6.96 
and  6.82%  (calculated  6.80%). 

Isopropyl  ester  o  f  a  -  h  y  d  r  o  x  y  -  a  -  the  ny  1  pho  sphi  ni  c  acid.  To  a  mixture  of  5g 
a-thiophenealdehyde  and  7.4  g  diisopropylphosphorous  acid  was  added  a  few  drops  of  triethylamine.  The 
temperature  of  the  reaction  mixture  rose  to  80°  and  on  cooling  die  product  crystallized  completely.  After 
two  recrystallizations  the  product  had  m,  p.  71-72°  Yield  3.8  g  (31  %). 

Butyl  ester  of  a  -  hy  dr  o  x  y  -  a  -  th  en  y  Ipho  s  phi  n  i  c  acid,  0.3  ml  triethylamine  was  run 
into  a  mixture  of  4.0  g  a-diiopheneaidehyde  and  6.9  g  dibutylphosphorous  acid.  The  temperature  of  the 
reaction  mixture  rose  to  80°  and  the  product  became  very  viscous.  Purification  was  effected  by  washing  with 
a  .solution  of  sodium  bisulfite  and  sodium  chloride.  The  product  was  dried  in  a  vacuum -desiccator.  Yield 
7.3  g  (67  %). 

Isobutyl  ester  of  g-hydroxy-g-thenylphosphinic  acid  was  prepared  as  described 
above,  Th^  temperature  of  the  reaction  mass  rose  to  84°.  Yield  5.9  g  (54  %). 

Allyl  ester  of  a -hydroxy-a- thenylphosphinic  acid.  Into  a  mixture  of  2.9  g 
a-thiopheneaTdehycTe'Tnd  4.2g  dianyTj^'sphorous  acid  wa.s  fun  0.1  ml  triethylamine.  No  marked  rise  in 


195 


temperature  of  the  reaction  mass  was  observed.  Tlic  product  was  purified  by  washing  with  a  solution  of  sodium 
bisulfite  and  common  salt,  and  was  dried  in  a  vacuum -desiccator.  Yield  4..'i  g  (61%). 

SUMMARY 

1  .  In  presence  of  sodium  methoxide  and  trlethylamine,  furfural  and  a-tliiopheneaidehyde  react 
with  dialkylphosphorous  acids;  addition  of  tlie  latter  takes  place  at  the  carbonyl  group. 

2.  Five  esters  of  a-hydroxy-a-furylphosphlnlc  acid  and  six  esters  of  a-hydroxy-a-tlienylphosphinic 
acid  were  prepared. 
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TETRA  ACY  L  OXYSILANES  IN  ORGANIC  SYNTHESIS 
X.  SILICOANHYDRIDES  OI"  MONOBASIC  SATURATED  ORGANIC  ACIDS 
IN  THE  SYNTHESIS  OP  ALKYL  R  -CHLOROVINYL  KETONES 

Yu,  K.  Yuryev  and  G.  B,  Elyakov 


The  most  convenient  method  for  the  preparation  of  alkyl  R -chlorovinyl  ketones  with  facility  and  in 
good  yields  is  the  addition  of  acid  chlorides  to  acetylene  in  presence  of  anhydrous  aluminum  chloride.  A.  N, 
Ncsmeyanov,  N.  K.  Kochetkov  and  M,  I.  Rybinskaya  [1]  have  thoroughly  developed  this  method  and  have 
demonstrated  the  possibility  of  using  chlorides  of  various  acids  in  this  reaction,  thereby  proving  that  the 
reaction  has  a  general  character.  The  extremely  reactive  alkyl  R -chlorovinyl  ketones  are  convenient  starting 
substances  for  the  synthesis  of  compounds  of  other  classes  and  in  particular  of  various  heterocyclic  systems  [2], 

In  our  previous  publications  we  showed  the  possibility  of  wide  preparative  application  of  tetraacyloxy- 
silanes  (mixed  anhydrides  of  organic  and  orthosilicic  acids)  to  acylations  of  the  thiophene  [3],  selenophene 
[4]  and  pyrrole  [5]  rings,  as  well  as  to  condensations  with  aromatic  aldehydes  leading  to  a,  R -unsaturated 
acids  [G].  Having  established  that  in  these  reactions  silicoanhydrides  of  organic  acids  behave  like  acid 
anhydrides,  we  obtained  numerous  examples  not  only  of  the  possibility  but  also  of  the  advantages  of  using 
tetraacyloxysilanes  in  these  reactions  in  place  of  anhydrides  and  acid  chlorides.  Tetraacyloxysilanes  are 
easily  and  simply  obtained  in  a  suitable  solvent  in  which  the  reaction  is  also  usually  carried  out  without  their 
previous  isolation  in  the  pure  form. 

Up  to  now  the  reaction  of  silicoanhydrides  of  monobasic  saturated  organic  acids  with  acetylene  has  not 
been  studied.  Apart  from  this,  it  was  of  interest  to  examine  the  possibility  of  using  this  reaction  for  the 
synthesis  of  alkyl  R -chlorovinyl  ketones;  another  objective  was  to  establish  whether  tetraacyloxysilanes  react 
directly  or  whetlier  the  reactants  are  acid  clilorides  that  might  be  formed  from  them  by  the  action  of  anhydrous 
aluminum  chloride  or  anhydrous  tin  chloride. 

In  the  present  work  we  reacted  acetylene  in  presence  of  anhydrous  aluminum  chloride  with  the  silico¬ 
anhydrides  of  acetic,  propionic,  n-butyric  and  n-caproic  acids  and  obtained  the  corresponding  alkyl  8 -chloro¬ 
vinyl  ketones  in  yields  of  30-41  reckoned  on  the  acid  brought  into  reaction.  These  yields  are  lower  than 
those  obtained  when  using  acid  chlorides  in  the  reactions,  altliough  in  some  cases  tlie  difference  in  yields  is 
small  (for  example  for  etliyl  8 -clilorovinyl  ketone).  If  acetylene  had  reacted  not  with  the  si li coanhydride 
itself  but  with  tire  acid  chloride,  which  latter  might  have  been  formed  from  the  l('rmer  under  the  action  of 
aluminum  chloride,  then  the  introduction  of  hydrogen  chloride  into  the  reaction  medium  should  undoubtedly 
promote  tliis  process  and  lead  to  a  higher  yield  of  alkyl  fl -chlorovinyl  ketone.  Passage  of  hydrogen  chloride, 
however,  into  tlie  reaction  mass  in  one  of  the  experiments  on  preparation  of  methyl  R -chlorovinyl  ketone  did 
not  increase  the  yield  of  chlorovinyl  ketone. 

Another  interesting  feature  of  the  reaction,  here  described,  of  silicoanhydrides  of  saturated  monobasic 
organic  acids  with  acetylene  is  its  fundamental  difference  from  the  reactions  of  silicoanhydrides  tliat  we  have 
studied  in  the  past.  In  contrast  to  former  reactions  of  tetraacyloxysilanes,  tlieir  reaction  with  acetylene  in 
presence  of  aluminum  chloride  is  an  addition  reaction.  Addition  of  silicoanhydrides  of  saturated  monobasic 
organic  acids,  such  as  silicoacetic  anhydride,  to  acetylene  must  lead  to  formation  of  an  ester  of  orthosilicic 
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acid  and  alkyl  ^ -hydroxyvinyl  ketone 


Si  (OCOC:H3)4;+  4CH  CM  fSilOCH  =  CH-COCHj)^, 

which  under  the  action  of  aluminum  chloride  undergoes  cleavage  with  formation  of  methyl  fl -chloro vinyl 
ketone  and  a  haloaluminum  salt  of  orthosilicic  acid: 

tSi(OCH=CMK:a-CH3)4]  +4AlCl3->4CH3COCH=CHCl  +  SifOAlCla)^. 

We  therefore  suggest  tliat  a  reaction  of  tlie  Kondakov  type  [7]  is  involved  when  silicoanhydrides  of 
saturated  organic  acids  enter  into  reaction  with  acetylene  in  presence  of  anhydrous  aluminum  chloride, 
i.  e.,  die  reaction  goes  directly,  and  the  formation  of  alkyl  8 -chlorovinyl  ketones  in  this  case  is  the  result 
of  cleavage  by  aluminum  chloride  of  the  initially  formed  products  of  addition  —  esters  of  orthosilicic  acid 
and  alkylhydroxyvinyl  ketones. 

Cleavage  of  esters  by  aluminum  chloride  with  formation  of  acid  salt  and  halogen  derivative  has  been 
described  by  Hartmann  and  Gattermann  [8],and  tliere  is  no  doubt  that  an  ester  of  orthosilicic  acid  and  alkyl- 
6  -hydroxy vinyl  ketone  must  be  easily  susceptible  to  such  a  cleavage. 

EXPERIMENTAL 

Experimental  procedure.  100  ml  anhydrous  carbon  tetrachloride,  0.3  mole  organic  monobasic 
acid  and  0.075  mole  silicon  tetrachloride  were  charged  into  a  three-necked  flask  (250  ml)  fitted  with 
stirrer,  reflux  condenser  with  calcium  chloride  tube,  thermometer  and  tube  for  introduction  of  acetylene. 

Heating  was  effected  on  a  water  bath  at  first  at  60-70*  and  later  on  the  boiling  bath  until  hydrogen  chloride  ceased 
to  come  off;  cooling  was  then  effected  with  iced  water  and  the  first  portion  of  pulverized  aluminum  chloride 
was  added;  at  the  same  time  a  stream  of  dry  acetylene  was  passed  through,  at  first  weakly  and  then  more 
Intensively.  Aluminum  chloride(0.46  mole  in  all)  was  introduced  In  small  portions  in  the  course  of  2-2t  hours; 
acetylene  was  passed  in  for  4  for  6  hours  depending  upon  the  ketone  being  prepared  (see  below), 
while  the  temperature  of  the  reaction  mixture  was  maintained  at  5-10*.  The  reaction  mass,  usually  colored 
brown  towards  the  end  of  the  reaction,  was  decomposed  by  during  on  to  300-500  g  of  Ice,  transferred  to  a 
large  round-bottomed  flask  and  distilled  with  steam  at  a  pressure  of  170-180  mm  mercury.  The  distillate  was 
extracted  with  ether,  and  the  ether  extracts  were  washed  with  10  <^0  sodium  carbonate  and  with  water  and 
dried  with  calcium  chloride.  After  removal  of  the  solvent,  the  residue  was  distilled  in  vacuum  to  give  the 
ketones  at  once  in  a  fairly  pure  state.  The  reaction  must  be  performed  in  a  single  day  without  leaving  over¬ 
night. 

Methyl  S-ch  loro  vinyl  ketone.  Reaction  of  18  g  glacial  acetic  acid  and  13  g  silicon  tetra¬ 
chloride  with  acetylene  in  presence  of  60  g  aluminum  chloride  for  6  hours  gave  9  g  (30  ’^o)  of  methyl 
8 -chlorovinyl  ketone. 

B.  p.  44.5-45.5*  (27  mm),  n^  1.4642,  d*®  1.1180,  MR^  26.05.  C4H5OCIR  Calc.  25.1. 

Found  C  46.14,  46.13;  H  4.91,  4.92.  C4H5OCI,  Calculated  ^01  C  45.97;  H  4.82. 

According  to  the  literature  [9];  b.  p.  38-39*  (18-20  mm),  n^^  1.4683,  d“  1.1198;  according  to  the 
literature  [1];  b.  p.  40-  41*  (24  mm);  ^20  ^  4(575 

D 

Ethyl  ft  - c h lo ro V i ny  1  ketone.  From  22.2  g  propionic  acid,  13  g  silicon  tetrachloride  and 
acetylene  in  presence  of  60  g  aluminum  chloride  for  4  i  hours.  Yield  12  g  (34  of  ethyl  8 -chlorovinyl 
ketone.  ^ 

B.  p.  59-60*  (29  mm),  n^^^  1.4660,  dj®  1.0761,  MRq  30.73.  CsHtOCIF  .  Calc.  29.70. 

Found  %;  C  50.68,  50.65;  H  6.00,  6.03.  C5H7OCI.  Calculated  <^o'.  C50.63;  H  5.95. 

According  to  the  literature  [1]  :  b.  p,  55-56*  (27  mm),  n^  1.4596,  d®  1.0702. 


n^P_ro -chlorovliiyl  ketone.  I'rom  24.6  g  n-butyric  acid  and  13  g  silicon  tetrachloride 
in  presence  of  60  g  aluminiim  chloride  with  passage  of  acetylene  for  4^ hours.  Yield  16  g  (41  <^o)  n-propyl 
fl  -chlorovlnyl  ketone.  * 

B.  p.  63.6’(16  rum),  n^  1.4648,  d^"  1.043],  35.13.  CBlIgOCir.  Calc.  34.32. 

Found  <r]c'.  G  64.43.  54,48;  11  6.85,  6.91,  CVIgOCl.  Calculated  «7o:  C54.36;  H  6.84, 

According  to  the  literature  [1];  B.  p.  5&-5T’  (12  mm),  1.4640,  d*®  1,0396. 

n-Amyl  -  c h loro  v i ny  1  ketone.-  From  17.4  g  n-caprolc  acid  and  7  g  silicon  tetrachloride  in 
presence  of  30  g  aluminum  chloride  with  passage  of  acetylene  for  4  hours.  Yield  8  g  (33  ^o)  of  n-amyl 
fl  -chlorovinyl  ketone. 

B,  p.  94-95“  (15  mm),  n^  1.4652,  d“  1.0014,  MR^  44.40.  CgHigOCF.  Calc.  43.55. 

Found  C  59.83,  59.97;  H  8.10,  8.03.  CgHigOCl.  Calculated  C  59.82;  H  8.16. 

According  to  the  literature  [10]:  B.  p.  87-88“  (12  mm),  n“  1.4615,  d“  0.9960. 

D  4 

SUMMARY 

1 .  Silicoanhydrides  of  saturated  monobasic  organic  acids  enter  into  reaction  with  acetylene  in 
presence  of  anhydrous  aluminum  chloride  in  a  medium  of  carbon  tetrachloride,  forming  alkyl  S -chlorovinyl 
ketones  in  yields  of  30-41  % 

2.  The  reaction  goes  in  accordance  with  a  scheme  involving  two  successive  steps — addition  of 
tetraacyloxysilane  to  acetylene  with  formation  of  ester  of  orthosilicic  acid  and  alkyl  S -hydroxy  vinyl  ketone, 
and  cleavage  of  the  latter  under  the  action  of  aluminum  chloride  with  formation  of  the  corresponding  alkyl 

fl  -chlorovinyl  ketone. 
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THE  CHEMISTRY  OF  SELENOPHENE 


V.  SELENOPHENE- 2- ALDEHYDE,  SELENOPHENE-2-CARBINOL  AND 
SELENOPHENE-2-ACRYUC  ACID 
Yu.  K.  Yuryev  and  N.  N.  Mezentsova 


In  previous  investigations  one  of  us  showed  that  selenophene  [1]  and  3,4-dim ethylselenophene  [2]  are 
easily  acylated  by  silicoanhydrides  of  saturated  monobasic  organic  acids  in  presence  of  anhydrous  tin  chloride, 
forming  die  corresponding  ketones.  Acylation  of  selenophene  with  silicoanhydrides  of  acid  ethyl  esters  of  dibasic 
acids  under  the  same  conditions  gives  ketoacids  of  the  selenophene  series [3]. 

It  was  also  established  that  the  selenophene  ring  is  easily  iodinated  and  that  the  iodides  are  readily 
metalated  by  the  action  of  phenyllithium.  Subsequent  carbonation  of  the  resultant  lithium -selenophenes  leads 
to  carboxylic  acids  of  the  selenophene  series.  By  this  route  we  obtained  selenophene-2-carboxylic,  3-methyl- 
selenophene-2-carboxylic,  2,4-dimethyl-selenophene-5-carboxyllc  and  3,4-dimethylselenophene-2-carboxylic 
acids  [4]. 

The  literature  of  recent  years  contains  reports  of  the  synthesis  of  aldehydes  in  a  series  of  five-membered 
nitrogen-  and  sulfur-containing  heterocyclic  compounds  by  formylation  of  their  ring  with  dimethylform amide 
in  presence  of  phosphorus  oxychloride.  This  method  was  applied  to  the  preparation  of  pyrtole-2-aldehyde  [5], 
l-methylpyrrole-2-aldehyde  [6],  indole-3 -aldehyde  [7]  and  thiophene-  2-aldehyde  [8]. 

In  die  present  work  we  employed  dimethylform  amide  for  the  synthesis  of  selenophene-2-oldehyde  • 
which  has  not  previously  been  described  in  the  literature. 

Formylation  of  selenophene  with  dimethylformamide  went  smoothly  and  selenophene-2- aldehyde  was 
obuined  in  75  yield. 

Oxidation  of  selenophene- 2-aldehyde  with  hydrogen  peroxide  gave  selenophene-2-carboxylic  acid; 


-KCHjXNCHO  ii - ij  -n 

^Se 


COOH. 


Selenophene-2-aldehyde  entered  with  facility  into  the  reactions  characteristic  of  aldehydes  of  the 
aromatic  series.  Thus,  heating  of  selenophene-2-aldehyde  with  acetic  anhydride  and  anhydrous  sodium 
acetate  gave  selenophene -2-acrylic  acid; 


!— CHO 


•HCH,C0),0 

~CtLCOONa 


11  j-CH=CH— COOH. 


•  Formylation  of  the  selenophene  ring  in  3,5-diarylselenophenes  witli  N-methylformanilide  has  been 
described  in  the  literature.  This  enabled  the  preparation  of  some  2-formyl-3,6-diarylselenophenes;  2-formyl- 
3,5-diphenylselenophene,  2-formyl-3-5-di-p-tolylselenophene  and  2-formyl-3,5-di-p-methoxyphenylsele- 
nophene  [9], 
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This  acid  was  also  obtained  by  condensation  of  selenophene-2-aldehyde  with  malonlc  acid  in  presence 
of  pyridine  and  subsequent  decarboxylation  of  tlie  resultant  a-carboxy- 6 -(2-selenophene)-acrylic  acid: 


+CH,(COOH), 
~  c7HsN  * 


-CH-C<^ 


COOH 

COOH 


CO, 


-CH-=CH-COOH. 


Reduction  of  selenophene- 2-aldehyde  with  formaldehyde  under  the  conditions  of  the  Tishchenko- 
Cannlzzaro  reaction  gave  selenophene-2-carbinol.  Mercuration  of  the  latter  led  to  5-chloromercuriseleno- 
phene-2-carblnol: 


+CH,o 

N.OH^ 


1  J-CH20H 


-♦-HjCI, 


ClHg-' 


\ 


Se 


CHoOH. 


The  above  reactions  were  realized  in  the  present  work  and  showed  that  selenophene- 2-aldehyde  under¬ 
goes  the  main  reactions  typical  of  aldehydes  possessing  an  aromatic  character —  furfural,  thiophene-2- 
aldehyde  and  benzaldehyde. 

EXPERIMENTAL 

Selenophene-2-aldehyde.  31.0  g  (0.2  mole)  phosphorus  oxychloride  was  added  with  stirring 
and  water  cooling  to  a  mixture  of  21  g  (0.16  mole)  selenophene  (b.  p.  110-llT  at  753  mm,  n^  1.5640, 
dj?  1.5250)  and  14.8  g  (0.2  mole)  dim ethylform amide  in  a  three-necked  flask  fitted  with  stirrer, 

dropping  funnel  and  reflux  condenser  with  calcium  chloride  tube.  The  reaction  mixture  was  then  heated 
1  hour  on  a  water  bath  at  65*  cooled,  and  poured  on  to  ice  (400  g)  to  which  was  added  300  g  sodium  acetate 
with  stirring.  The  mixture  was  then  heated  to  the  boil,  cooled  and  repeatedly  extracted  with  ether.  The 
combined  ether  extracts  were  dried  with  anhydrous  sodium  sulfate.  After  removal  of  the  ether  the  reaction 
product  was  distilled  in  vacuum  to  givel9.1gC70^<^  selenophene- 2-aldehyde: 

B.  p.  86-8r  (7  mm),  n“  1.6292,  d“  1.6688,  MR  33.87.  CcH^OSeFz.  Calc.  32.77. 
r  4  D 

Found  C  38.04,  38.08;  H  2.78,  2,66.  C5H40Se.  Calculated  %:  C  37.75;  H  2,53. 

Selenophene-2-aldehyde  semicarbazone  was  obtained  by  reacting  1.6  g  aldehyde  in  10  ml  water  with  1  g 
semicarbazide  hydrochloride  with  heating  on  a  boiling  water  bath;  m.  p.  205®  (from  aqueous  alcohol).  Yield 
quantitative  (2  g). 

Found  <^01  N  19.16,  19.27.  CeHsONjSe.  Calculated  %  N  19.57. 

Selenophene-2-aldehyde  thiosemicarbazone  was  similarly  prepared  from  1.6  g  aldehyde  and  1.2  g 
thiosemicarbazide  hydrochloride;  m.  p.  176“  (from  aqueous  alcohol.  Yield  quantitative  (2.1  g). 

Found  <7o:  N  17.59,  17,54.  CgHyNaSSe.  Calculated  <7o:  N  18.0. 

Selenophene-2-aldehyde  2,4-dinitrophenylhydrazone  was  prepared  from  0.5  g  of  the  aldehyde  in  20  ml 
alcohol  by  treatment  with  0,6  g  of  2,4-dinitrophenylhydrazlne  in  2  ml. concentrated  sulfuric  acid  with 
addition  of  3  ml  water  and  10  ml  alcohol;  m.  p.  240*  (from  pyridine).  Yield  quantitative  (1  g). 

Found  N  16.46,  16.27.  CuHgO^N^Se.  Calculated  <7o:  N  16.51. 
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Oxlda  tloii  of  sele  nophene-2  - aldehyde.  To  a  solution  of  1.0  g  aldehyde  In  10  ml  water  wai 
gradually  added  6  ml  30%  hydrogen  peroxide  with  heating  (about  100*).  The  aqueous  solution  was  evaporated 
to  1/3  of  its  volume  and  extracted  with  ether;  removal  of  tlie  ether  left  0.6  g  (57%)  of  selenophene-2-carboK- 
ylic  acid  which  after  recrysta  111  nation  from  water  melted  at  120*;  a  mixture  with  selenophene-2-carboxylIc 
acid  prepared  by  metalatlon  of  2-lodo-selenophene  followed  by  carbonatlon  of  the  resultant  li till umseleno phene 
[4]  did  not  give  a  depression  of  melting  point:  m.  p.  120*. 

Selenophene-2-acryllc  acid;  a)  A  mixture  of  4.8  g  (0.03  mole)  selenophene-2-aldehyde, 

5.2  g  (0,05  molef  acetic  anH^ride  and" 5.6  g  (0.08  mole)  anhydrous  sodium  acetate  was  heated  10  hours  on  an 
oil  bath  at  195-200*  in  a  flask  with  a  reflux  condenser.  After  cooling,  3  g  sodium  carbonate  in  10  ml  water 
was  added  to  tlie  flask.  Selenophene-2-acrylic  acid  was  precipitated  from  the  aqueous  solution  of  the  salt  with 
hydrochloric  acid.  Yield  3.5  g  (60%)  of  selenophene-2-acrylic  acid  with  m.  p.  144*  (from  water). 

Found  %:  C  41.74.  41.63;  H  3.18,  3.19.  C^ieOzSe.  Calculated  %:  C  41.80;  H  3.00. 

b)  A  mixture  of  4.8  g  (0.03  mole)  selenophene-2-aldehyde,  3.12  g  (0.03  mole)  malonlc  acid  and  3  ml 
dry  pyridine  was  refluxed  4  hours  in  a  flask  on  a  water  bath.  Then  50  ml  saturated  sodium  carbonate  solution 
was  added,  and  the  unchanged  aldehyde  and  pyridine  were  distilled  off  with  steam.  Acidification  of  the 
residue  in  the  flask  with  hydrochloric  acid  gave  selenophene-2-acrylic  acid;  m.  p.  144*.  Yield  4.5  g  (75%). 

A  mixed  specimen  with  selenophene-2-acrylic  acid  obtained  in  the  preceding  experiment  did  not  show  a 
depression  of  melting  point:  m.  p.  144*. 

Selenophene-2-carbinol,  a  solution  of  12  g  sodium  hydroxide  in  12  ml  water  was  added  with 
stirring  and  heating  on  a  water  bath  at  65*  to  a  mixture  of  10.6  g  (0.066  mole)  selenophene-2-aldehyde  in 
22  ml  anhydrous  methyl  alcohol  and  11  ml  40%  formalin  in  a  tluee-necked  flask  fitted  with  stirrer,  dropping 
funnel  and  reflux  condenser.  The  reaction  mixture  was  heated  30  minutes,  poured  onto  ice  (150  g)  and 
extracted  with  benzene  (3  lots  of  40  ml  each).  After  drying  with  anhydrous  sodium  suifate  and  distilling  off 
the  benzene,  the  residue  was  distilled  in  vacuum  to  give  7.4  g  (70%)  of  selenophene-2-carbinol: 

B.  p.  120-121“  (18  mm),  99*  (5  mm),  n^  1.5985,  d^  1.6182,  MR^  34.44.  CgHgOSeFz . 

Found  %:  C  37.55,  37.50;  H  3,96,  3.99.  CgHgOSe.  Calculated  %:  C  37.28;  H  3.75. 

Selenophene-2-carbinol  phenylurethane  was  prepared  by  heating  equal  volumes  (0.2  ml  each)  of 
phenylisocyanate  and  carbinol:  m.  p.  82“  (from  ligroine).  Yield  quantitative. 

Found  %:  N  5.46,  5.37.  Ci2Hii02NSe.  Calculated  %:  N  4.99. 

5-Chloromercurlselenophene-2-carbinol  was  obtained  by  reacting  1.08  g  (0.0068  mole)  selenophene-2- 
carblnol  in  10  mi  water  with  50  ml  of  5%  aqueous  solution  of  mercuric  chloride:  m.  p.  195*  (from  water). 
Yield  quantitative  (2.3  g  ). 

Found  %:  Hg  50.57,  CgHgOClMgSe.  Calculated  %:  Hg  50.89. 

SUMMARY 

1 .  Formylation  of  selenophene  with  dimethylformimide  in  presence  of  phosphorus  oxychloride 
leads  to  preparation  of  selenophene-2-aldehyde  (not  described  in  the  literature),  which  possesses  the  typical 
properties  of  an  aromatic  aldehyde. 

2.  Condensation  of  selenophene-2-aldehyde  with  acetic  anhydride,  and  also  with  malonic  acid, 
leads  to  selenopheqe-2-acrylic  acid. 

3.  Selenophene-2-aldehyde  is  oxidized  to  selenophene-2-carJ)Oxyllc  acid  with  hydrogen  peroxide, 
and  is  reduced  to  selenophene-2-carbinol  with  formaldehyde  in  presence  of  caustic  alkali. 
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SALTS  or  BIS-QUAin’ERNARY  AMMONIUM  BASES 


B.  V.  Matveev. and  M,  Z.  Zalmanovich 


Much  attention  has  recently  been  paid  to  the  syntliesis  of  compounds  with  curare-like  activity  [  1]. 
Curarizing  activity  is  reported  in  die  literature  for  bis-quaternary  ammonium  salts  of  polymetlylene  hydro¬ 
carbons  [2-8],  These  publications  refer  to  the  curare-like  activity  of  bromides  and  iodides  of  bis-trlmethyl 
and  bis-triethyl  bases  of  polymediylene  hydrocarbons [  2,3];  mention  is  also  made  of  the  anticancerogenlc 
activity  of  salts  of  cyclic  bis-quaternary  ammonium  bases  [4],  All  compounds  of  this  type,  whose  synthesis 
and  pharmacological  activity  are  described  in  the  literature,  are  derivatives  of  saturated  normal  hydrocarbons. 

It  was  to  be  expected  that  the  pharmacological  activity  of  bis-quaternary  ammonium  salts  might  be 
considerably  enhanced  by  the  introduction  of  a  double  bond  into  the  hydrocarbon  chain.  It  was  also  of 
Interest  to  study  the  influence  of  the  structure  of  the  hydrocarbon  chain  on  the  properties  of  the  compounds 
prepared.  Only  one  representative  of  compounds  of  this  class,  containing  a  double  bond  in  the  hydrocarbon 
chain  between  the  nitrogen  atoms,  is  known  —  (l,4)-bis- trimethyl-ammonium  butene-2-hydroxide  (I)  [9]: 

(CH3)3N-CHjrC  H  =  CH  -  CH2  -  N  (CHg)!^  2(OH)-  . 

(I) 


In  this  connection  an  objective  of  the  work  was  the  preparation  of  homologs  of  this  compound  containing 
one  or  two  methyl  groups  at  various  carbon  atoms. 


EXPERIMENTAL 


The  following  starting  substances  were  used;  l,4-dibromopentene-2;  l,4-dibromo-2-methylbutene-2; 
2,5-dibromohexene-3  and  l,4-dibromo-2, 3-dimethylbutene-2,  which  were  obtained  by  bromination  of  the  cor¬ 
responding  dienic  hydrocarbons  (piperylene,  isojrrene,  dipropenyl  and  diisopropenyl)  in  carbon  tetrachloride  or 
in  chloroform  [10]. 

Into  a  solution  of  each  of  the  above-mentioned  dibromo  compounds  in  benzene,  cooled  with  iced 
water,  was  run  a  benzene  solution  of  trimethylamine  (4  moles  amine  to  1  mole  dibromo  compound).  The 
reaction  mixture  was  placed  in  an  ampoule  which  was  sealed  and  held  at  room  temperature  for  15-20  days. 

The  reaction  product,  which  separated  in  the  form  of  colorless  crystals,  was  pressed  on  a  filter,  repeatedly 
wa'^hed  with  dry  benzene  and  dried  in  a  vacuum -desiccator. 


The  following  were  prepared:  l,4-bis-(trimethylammonium-pentene-2  (11)^  (l,4)-bis-(trimethyl- 
ammonium)-2-methylbutene-2  bromide  (III);  (2,5)-bis-(trimethylammonium)-hexene-3  bromide  (IV)  and 

(l,4)-bis-(trImethylammonium)-2,3-(limethylbut«ie  -2  bromide  (V): 

CH3 


[(CH3)3N- 


d 


H  -CH  =  CH  -  CH2  -  N  (CH3)3] 


2+ 


2Br-  , 


CH3 


(D) 


RCH3)8N  -  CHg  -  C  =  CH  -  CH2  -  N(CH3)3]*+  2Br-  , 


(HI) 
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T 

CH,  CH, 

I  I 

[(CH3),N  -  CH  -  CH  =  CH  -  CH  -  N(CHj)  J*+2Br-, 

CHj  CHj 

[(CH3)5N  -  CHi  -C  =  t  -  CH,  -  N(CH3)  3]*+  2Br  -  , 

All  these  compounds  form  colorless  crystals,  readily  soluble  In  water,  less  soluble  in  alcohol,  sparingly 
soluble  in  benzene  and  insoluble  in  ether. 

Results  of  analysis  of  these  substances  for  bromine  (Carius)  and  nitrogen  (Dumas)  contents  are  presented 
In  Table  1. 

TABLE  1 


(IV) 

(V) 


Substancd 

Found 

Calculated 

Br 

M 

Empirical  formula 

Br(%) 

N  (%) 

(II) 

46.22 

8.04,  8.01 

CnH2flN2Br2 

46.24 

8.09 

<III) 

_  1 

8.18,  8.14 

CiiH26N2Br2 

46.24  1 

8.09 

(IV) 

43.80,  43.98 

7.70,  7.60 

Cl2H28N2Br2 

44.44 

7.77 

(V) 

44.43.  44.32 

7.35,  7.71 

Cl2H28N2Br2 

44.44 

7.77 

In  anodier  series  of  experiments,  starting  from  the  above-mentioned  dibromo  derivatives  as  well  as 
from  l,4-dibromobutene-2,  products  of  interaction  with  pyridine  were  obtained. 

0.05  mole  of  the  dibromo  compound  was  run  cautiously  into  a  solution  of  0.10  mole  pyridine  in 
anhydrous  alcohoL  The  mixture  was  placed  in  an  ampoule  which  was  sealed  and  kept  at  room  temperature 
for  3-4  daysj  the  reaction  product  came  down  in  die  form  of  colorless  crystals  which  wer6  pressed  on  a  filter, 
carefully  and  repeatedly  washed  with  absolute  ether,  and  dried  in  a  vacuum  desiccator.  The  yield  of 
crystalline  product  reached  90-95  %  Bromides  of  1,4-bis-pyridinium -butene-2  and  its  homologs  were  thus 
prepared: 


[<^ _ ^N-CH2-CH=CH-CH3-N<^  2Br-. 


CH3 


[  \  ^N-(l:H-CH=^CH-CHa-N<f  ^ , 


CH;, 

^  '^N-CH2-C=CH-^CH2-N^ _ 


CH, 


CH;, 


^  ^N-CH-CH=CH-CH-N<^ _ 


2Br-, 

4  + 

,  2Br-. 

-4- 

2Br-. 


<f  ^N-CH2-C=C-CH2-  r'  ^ 
CH3  CH3 


2Br-. 


(VI) 


(VII) 


(VIII) 


(IX) 


(X) 
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They  all  had  good  solubility  in  water,  not  so  good  In  alcohol  and  benzene;  tliey  were  Insoluble  In  ether. 
Results  of  determinations  of  bromine  and  nitrogen  are  presented  in  Table  2. 

TABLE  2 


Sub¬ 

stance 

Found  (%) 

Calculated 

Br 

1  1 

Empirical  formula 

N  (%) 

Dr  (%  ) 

(VI) 

42.79,  43.04 

7.93,  8.12 

CnH|oN2Br2 

7.53 

43.01 

(VII) 

41.42,  41.65 

7.88,  7.80 

CinHi^iNgBro 

7.25 

41.45 

(VIII) 

41.20,  40.90 

7.26 

C).r,Hi{)N2Br2 

7.25 

41  45 

(IX) 

40.17,  39.40 

7.42,  6.95 

CifiH2()N2Br2 

7.00 

40.00 

(X) 

39.64,  39.61 

i 

6.97,  7.25 

CloH2t)N2Br2 

7.00 

40.00 

The  pharmacological  examination  of  the  preparations,  carried  out  by  Yu.  N.  Shanin  and  I.  I. 

Baryshnikov  confirmed  in  some  measure  the  prediction  made  at  the  start  of  this  paper.  Introduction  of  a 
double  bond  into  the  hydrocarbon  chain  between  the  ttvo  nitrogen  atoms  of  bis-pyrldlnlum  derivatives  does 
indeed  Intensify  the  ganglion-blocking  properties.  The  effect  is  the  most  marked  with  (l,4)-bis-pyridlnium- 
pentene-2  bromide  (VTI).  In  addition,  I.  L  Baryshnikov  observed  the  ability  of  substances  (11),  (HI),  (IV)  and 
(V)  to  lower  the  blood  pressure;  the  highest  activity  is  here  manifested  by  compound  (IV). 

SUMMARY 

1 .  Syntheses  were  carried  out  for  the  first  time  of  the  following  bromides:  (l,4)-bis-trimethylammo- 
nlum-pentene-2  bromide;  (l,4)-bis-trimethylammonium-2-methylbutene-2  bromide;  (2,5)-bis-trimethyl- 
ammonium -hexene-3  bromide;  (l,4)-bis-trimethylammonium-2,3-dimethylbutene-2.  These  compounds 
were  also  characterized.  They  all  possess  hypotensive  activity. 

2.  The  following  alkylene-bis-pyridinium  bromides  were  synthesized  and  characterized  for  the 
first  time:  (l,4)-bis-pyridinium-butene-2  bromide;  (l,4)-pyrldinium-pentene-2  bromide;  (l,4)-bls- 
pyrldlnlum-2-methylbutene-2  bromide;  (2,5)-bis-pyridinium-hexene-3  bromide;  (l,4)-bispyridinium-2, 3-dimethyl' 
butene-2  bromide.  All  these  compounds  possess  ganglion-blocking  properties. 
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SYNTHESIS  OF  N-SUBSTITUTED  METHACRYLAMIDES 


I .  CARBOXY-  AND  CARBALKOXYPHENYL-METHACRYLAMIDES 

M.  M.  Koton,  T,  A.  Sokolova  and  G.  M.  Chetykina 


Carboxy-  and  carbalkoxyphenyl-methylacrylamides  are  polymerizable  monomers  and  are  of  definite 
interest  in  this  respect.  Only  the  ortho-  and  para- isomers  of  carboxyphenyl-methacrylamides  are  described 
in  the  literature.  According  to  patent  claims  [1],  they  are  obtained  from  the  corresponding  N-arylamides  of 
fl  -chloroisobutyrlc  acid  by  treatment  with  an  aqueous  solution  of  caustic  alkali.  The  literature  is  lacking 
in  any  reference  to  the  preparation  of  carbalkoxyphenyl-methacrylamldes.  At  die  same  time  Interest  in 
N-aryl-  substituted  methacrylamides  has  persisted  to  the  present  day.  Thus,  Patai  and  co-workers  [2]  obtained 
N-arylmethacrylamides  by  reacting  equimolar  amounts  of  methacrylic  acid  chloride  with  the  corresponding 
aromatic  amine.  Another  method  of  obtaining  a  series  of  N-aryl-methacrylamides  has  also  been  described 
[3,  4].  It  consists  in  reacting  ethyl  magnesium  bromide  with  aromatic  amines  and  methyl  methacrylate  and 
is  used  for  preparation  of  small  amounts  of  aryl-methacrylamides. 

For  the  synthesis  of  substituted  amides  of  methacrylic  acid  we  started  from  its  acid  chloride.  Following 
the  procedure  of  Patai  [2],  l.e.,  using  equimolar  amounts  of  acid  chloride  and  aromatic  amine,  we  found  that 
the  reaction  in  the  present  case  does  not  go  to  the  end  due  to  part  of  the  amine  being  used  up  in  salt 
formation  with  release  of  hydrogen  chloride  during  the  reaction.  We  therefore  preferred  another  method  for 
the  synthesis  of  carboxy-  and  carbalkoxyphenyl-methacrylamides.  This  is  the  method  employed  for  the 
preparation  of  p-bromophenyl-methacrylamide  [5]  which  involves  reaction  of  2  moles  amine  with  1  mole  of 
methacrylic  acid  chloride. 

-12 

The  surting  aminobenzoic  acids  and  their  esters  possess  a  low  basicity  of  order  of  10 

[6-8]);  their  salts  are  therefore  hydrolyzed  with  facility.  The  methacrylamides  are  therefore  impure. 
They  contain  the  starting  amines  and  are  difficult  to  purify.  The  amines  evidently  form  molecular  compounds 
with  the  methacrylamides  which  are  not  easily  decomposed  by  treatment  with  hydrochloric  acid.  This  is 
especially  marked  in  the  series  of  derivatives  of  m -aminobenzoic  acid.  This  difficulty  could  be  avoided  by 
bringing  into  reaction  an  equimolar  amount  of  a  more  basic  tertiary  amine.  Thus,  reaction  of  equimolar 
amounts  of  aminobenzoic  acid  ester,  methacrylic  acid  chloride  and  dlmethylaniline  led  to  the  carbalkoxy- 
phenyl-methacrylamides  in  the  pure  form  and  in  satisfactory  yields.  Lower  yields  of  carboxyphenyl-metha¬ 
crylamides  are  obtained  in  presence  of  dlmethylaniline.  Preparation  of  carboxyphenyl-methacrylamides 
necessitates  reaction  of  1  mole  acid  chloride  with  2  moles  aminobenzoic  acid. 

The  prepared  N-substituted  methacrylamides  were  analyzed  for  their  content  of  carbon,  hydrogen  and 
nitrogen  by  the  method  of  microcombustion.  The  results  of  analysis  and  the  properties  of  the  carboxy-  and 
carbalkoxyphenyl-methacrylamides  are  presented  in  the  table.  Melting  points  are  corrected  in  all  cases. 

The  starting  amines  for  carboxyphenyl-methacrylamides  were  obtained  by  esterification  of  o-,  m-  and 
p-aminobenzolc  acids  by  heating  witli  methyl,  ethyl  or  butyl  alcohol  saturated  with  dry  hydrogen  chloride. 

This  method  has  been  used  on  many  occasions  [9]. 

EXPERIMENTAL 

Methacrylic  acid  chloride  was  prepared  by  reacting  metJiacrylic  acid  (freshly  distilled  over 
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copper  po\yder  in  vacuum)  with  tliionyl  chloride  (10  %  over  the  tlicoretical  amount).  At  tiie  start  the  reaction 
went  in  the  cold,  but  later  the  solution  was  heated  for  8  hours  at  (1O-8O’.  After  heating,  the  mixture  was 
twice  recrystallized.  Yield  of  fraction  coming  over  at  97-99*  about  80%  of  the  theoretical  (cxrmpare  [10].) 

Esters  of  amlnobenzoic  acids.  1  mole  aminobenzoic  acid  was  mixed  with  15, moles  alcohol 
In  a  flask  with  a  reflux  condenser.  The  reaction  mixture,  saturated  with  hydrogen  chloride,  was  heated  at  the 
boll  for  22-24  hours.  At  the  conclusion  of  tlie  reaction,  the  alcohol  was  distilled  off  in  vacuum.  After 
dissolving  in  a  little  water  and  treating  with  concentrated  sodium  carbonate  solution  until  the  reaction  was 
alkaline,  the  precipitate  was  filtered,  washed  with  water  by  decantation  until  neutral,  and  recrystallized  from 
aqueous  alcohol.  When  the  ester  was  obtained  in  the  form  of  oil,  it  was  extracted  with  ethyl  ether;  the 
extract  was  dried  over  magnesium  sulfate,  and  after  evaporation  of  the  ether  it  was  distilled  in  vacuum. 

Esters  were  obtained  in  yields  of  33  to  89%. 

Carboxy-  or  ca  rb  a  Ikox  y  ph  eny  1  -  m  e  th  a  c  r  y  1  a  m  i  d  es.  The  starting  amine,  dimethyl- 
aniline  in  10%  excess  over  the  theoretical  amount,  and  benzene  were  placed  in  a  two-necked  round-bottomed 
flask  fitted  with  a  reflux  condenser,  a  mechanical  stirrer  and  a  dropping  funnel.  Since  the  reaction  products 
are  easily  polymerizable  monomers,  further  heating  was  avoided  by  performing  the  reaction  in  ethereal 
solution.  Addition  was  then  made  to  the  reaction  mixture,  dropwise  and  with  stirring,  of  methacrylic  acid 
chloride  in  the  course  of  1-2  hours.  Since  the  starting  amines  have  low  basicity,  only  slight  heat  was 
developed  by  the  acylation  reaction.  After  all  the  acid  chloride  had  been  added,  the  mixture  was  stirred  for 
another  1-2  hours  and  left  overnight.  The  benzene  was  driven  off  from  the  solution  in  vacuum.  The  residual 
oil  was  treated  with  dilute  hydrochloric  acid  and  then  with  water;  the  N-substituted  methacrylamide  then  came 
down  in  the  form  of  crystals  or  remained  in  the  form  of  oil.  In  the  former  case  it  was  recrystallized  from  a 
suitable  solvent.  The  oil  was  extracted  with  ether,  the  extract  was  dried,  the  ether  was  driven  off,  and  the 
residue  was  distilled  in  vacuum.  As  mentioned  above,  in  the  case  of  meta-derivatives  the  treatment  with 
hydrochloric  acid  must  be  repeated  in  order  to  decompose  the  molecular  compounds  of  amine  with  final 
product. 

p-Carboxyphenyl-methacrylamide  (I)  crystallizes  from  aqueous  alcohol  in  the  form  of 
white  needles  with  m.  p.  215-216*  Yield  60.4%,  Soluble  in  alcohol,  acetone,  dioxane  and  dim ethylform amide 
in  the  cold,  in  dichloro-ethane  and  water  at  the  boil,  insoluble  in  benzene  and  ether.  The  literature  [1] 
gives  m.  p.  204-205*  (with  decomp.).  The  authors  of  the  patent  clearly  had  an  impure  product, 

p-Carbomethoxyphenyl-methacrylamide  (II)  crystallizes  from  aqueous  alcohol  in  the 
form  of  white  needles  with  m.  p.  134-134.5*  Yield  58.4%,  Soluble  in  alcohol,  acetone,  benzene,  dichloro- 
ethane,  ether  and  dimethylformamide  in  the  cold,  also  in  boiling  water. 

p-Carbethoxyphenyl-methacrylamide  (III)  crystallizes  from  aqueous  alcohol  in  the  form 
of  white,  quadratic  prisms  with  m.  p,  101.5-102*.  Yield  60.7%.  Soluble  in  acetone,  alcohol,  benzene, 
dichloroethane,  dioxane,  ether  and  dimethylformamide;  partly  soluble  in  boiling  water. 

The  compound  partly  polymerizes  when  the  synthesis  is  carried  out  in  benzene.  The  pure  amide  is 
obtained  in  good  yield  when  ether  is  used  as  solvent. 

p-Car bo bu to xyphenyl-meth acrylamide  (IV)  crystallizes  from  gasoline  or  aqueous 
alcohol  in  the  form  of  fine,  white  needles  with  m.  p.  62,5-63*.  Yield  55.3%.  Soluble  in  alcohol,  acetone, 
benzene,  ether,  dichloroethane  and  dioxane,  sparingly  soluble  in  gasoline,  insoluble  in  water.  It  partly 
polymerizes  during  crystallization. 

m-Carboxyphenyl-methacrylamide  (V)  crystallizes  from  aqueous  alcohol  in  the  form  of 
fine  crystals  widi  m.  p.  200.5-201°  Yield  31.1%.  Soluble  in  acetone,  alcohol,  dioxane,  dimethylformamide 
and  boiling  water.  Insoluble  in  ether,  benzene  and  dichloroethane. 

m  -  Carbomethoxyphenyl-m  ethacrylamide  (VI)  crystallizes  from  aqueous  alcohol  in  the 
form  of  white  plates  with  m.  p,  77-77.5*.  Yield  63.4%.  Soluble  in  acetone,  alcohol,  ether,  benzene, 
dichloroethane,  dioxane  and  dimethylformamide,  partly  soluble  in  boiling  water. 
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m-Carbethoxyphenyl-meth  acrylamide  (VII)  was  first  obtained  In  the  form  of  an  oil  which 
came  over  in  vacuum  at  208-210*  (5  mm).  The  distillate  was  stood  in  a  desiccator  over  calcium  chloride. 
After  1  l/2_months  It  crystallized  .to  a  reddish  mass  with  a  pleasant  odor.  Treatment  with  dilute  hydrochloric 
acid  gave  a  white  precipitate  without  odor  which  was  subjected  to  further  purification.  The  amide 
crystallizes  from  gasoline  in  the  form  of  long,  white  needles  collected  in  clusters;  m.  p.  60.5-6T.  Yield 
33.9'7a.  Soluble  in  acetone,  alcohol,  dioxane,  ether,  benzene,  dichloroethane  and  dimethylformamide, 
poorly  soluble,  in  gasoline,  insoluble  in  water. 

o  -‘Carboxyphenyl-methacrylamlde  (VIII)  crystallizes  from  aqueous  alcohol  In  the  form 
of  white,  fine  needles  collected  in  clusters,  m.  p.  169-170'7"  Yield  59.3%.  Soluble  in  acetone,  alcohol, 
dioxane,  ether  and  dimethylformamide  in  the  cold,  in  benzene,  dichloroethane  and  water  at  the  boil. 

o-Carbomethoxyphenyl-meth acrylamide  (IX)  crystallizes  from  water  and  from  aqueous 
alcohol  in  the  form  of  colorless  needles  with  m.  p.  76-76,5*.  Yield  38,8%  Soluble  in  acetone,  benzene, 
alcohol,  dioxane,  ether,  dichloroethane  and  dimethylformamide,  poorly  soluble  in  boiling  water.  Partly 
polymerizes  during  preparation. 

o -Carbe thoxyphenyl-m ethacrylam ide  (X)  crystallizes  from  aqueous  alcohol  in  the  form 
of  colorless  needles  with  m.  p.  54.5-55.5*  Yield  27%  Soluble  in  acetone,  alcohol,  dioxane,  benzene,  ether, 
dichloroethane;  partly  soluble  in  boiling  water.  Partly  polymerizes  during  preparation. 

o -  Car bobutoxyphenyl-m  ethacrylam  ide  (XI)  was  obtained  in  the  form  of  an  oil  which 
was  distilled  in  vacuum.  The  fraction  collected  at  a  vapor  temperature  of  173-175*  (3  mm)  partly 
crystallized  on  standing.  The  white  plates  were  recrystalUzed  from  alcohol.  M,  p.  31.5-32*.  Yield  38.5% 
Soluble  in  acetone,  alcohol,  dioxane,  ether,  benzene,  dichloroethane  and  dimethylformamide,  insoluble  in 
water.  Partly  polymerizes  during  distillation. 


TABLE 


1  TJ 

i  § 
6  s. 

Empirical  formula 

H  content  (% 

N  content  (% 

calcu¬ 

lated 

found 

calcu¬ 

lated 

found 

calcu¬ 

lated 

found 

(I) 

CuHnOgN  .... 

64.39 

64.21,  64.50 

5.36 

5.71,  5.74 

6.82 

6.46,  6.60 

(ii) 

65.75 

65.56,  65.91 

5.93 

6.30,  6.17 

6.39 

6.34, 6.37 

(IH) 

CisHisOgN  .... 

66.95 

66.99,  66.67 

6.43 

6.50,  6.49 

6.01 

5.90,  6.10 

(IV) 

68.96 

69.00,  69.30 

7.28 

7.28,  7.49 

5.36 

5.72,  5.85 

(V) 

CllHllOgN . 

64.39 

64.13,  64.05 

5.36 

5.25,  5.(51 

6.82 

6.98,  7.09 

(VI) 

65.75 

66.17,  66.29 

5.93 

6.13,  6.18 

6.39 

6.38,  6.36 

(VII) 

Ci.-jH,503N . 

66.95 

66.92,  66.61 

6.43 

6.37,  6.53 

6.01 

6.61,  6.57 

(VIII) 

CjiHl.OyN . 

64.39 

64.31,  64.66 

5.36 

5.87,  5.45 

6.82 

6.80 

(IX) 

CigHigOgN . 

65.75 

65.60,  65.86 

5.93 

6.40,  6.56 

6.39 

6.04,  6.23 

(X) 

CiaHisOaN . 

66.95 

67.50,  67.58 

6.43 

6.53,  6.70 

6.01 

6.16,  6.10 

(XI) 

C16H19O3N . 

68.96 

68.84  ,  69.08 

7.28 

7.36,  7.56 

5.36 

5.98,  6.06 

Note.  Analyses  were  performed  in  the  analytical  laboratory  of  the  Institute  of  High-Molecular  Compounds 
of  die  Academy  of  Sciences  USSR. 


SUMMARY 

1.  0-,  m-  aqd  p-Carbalkoxyphenyl-methacrylamides  were  prepared  by  a  method  based  on  reaction  of 
1  mole  aminobenzolc  acid  or  ester  with  1  mole  methacrylic  acid  chloride  in  presence  of  1.1  mole  dimethyl- 
aniline  as  an  agent  for  binding  the  hydrogen  chloride  released. 

2.  m -Carboxyphenyl-methacrylamlde  and  8  carbalkoxyphenyl-methacrylamides  were  prepared  for  the 
first  time  and  characterized. 
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THE  REACTION  OF  ACID  CHLORIDES  WITH  SOME 
HYDROXYMETHYL  COMPOUNDS 

K.  G.  Mizuch,  N.  M,  Kasatkin  and  Ts.  M.  Gelfer 


It  was  previously  shown  that  the  course  of  acylation  of  N-hydroxymethyl-carbazoIe  in  a  pyridine  medium 
varies  according  to  whether  anhydrides  or  acid  chlorides  are  used  in  the  reaction.  Acylation  wldi  the  help  of 
anhydrides  led  to  quantitative  formation  of  acyl  derivatives;  when  using  acid  chlorides,  acyl  derivatives  were 
obtained  in  small  quantity,  and  dilution  of  the  reaction  mixture  with  water  resulted  In  gradual  separation  of 
the  original  N-hydroxymethylcarbazole  [1].  Treatment  of  N-hydroxymethylcarbazole  with  benzoyl  chloride 
in  CCI4  later  led  to  separation  of  an  unknown  substance  (I),  hydrolysis  of  which  gave  N-hydroxymethyl¬ 
carbazole.  It  was  found  tliat  (I)  is  readily  soluble  in  water  and  on  acidification  is  quantitatively  transformed 
into  N,N*-dicarbazylm ethane;  pyridine  Is  formed  on  heating  with  caustic  alkalies;  it  contains  11.6%  chlorine 
(reaction  with  AgN03).  No  trace  of  benzoic  acid  was  found,  although  it  could  have  been  formed  by  hydrolysis 
of  (I)  with  water  If  the  latter  had  been  a  product  of  addition  of  benzoyl  chloride  to  N-hydroxymethyl¬ 
carbazole.  These  results  led  us  to  re-examine  the  original  theory  of  the  structure  of  (I)  and  to  suggest  that 
the  action  of  acid  chlorides  in  presence  of  pyridine  leads  to  replacement  of  the  hydroxyl  group  of  N-hydroxy¬ 
methylcarbazole  by  chlorine  with  fomiation  of  the  pyridinium  salt  of  N-chloromethylcarbazole  (I); 


C^HgNCHzGH  +  CeHsCOCl  +  2C5H5N  — > 

[CizHgNCHj  •  C5H5N]  +  Cl“  +  CgHjCOOH  *  C5H5N. 

(I) 

The  structure  of  (I)  was  confirmed  by  determination  of  the  molecular  refraction;  it  accounts  for  the 
formation  of  N-hydroxymethylcarbazole  on  hydrolysis  of  (I).  It  is  known  that  the  structurally  similar 
stearoylaminomethyl-pyrldinium  chloride  is  hydrolyzed  in  a  similar  fashion  with  formation  of  N-hydroxy- 
methylstearamide  [2], 

Replacement  of  a  hydroxyl  group  by  chlorine  under  the  action  of  chlorides  of  arylsulfonlc  acids  in 
presence  of  tertiary  amines  has  been  repeatedly  observed  as  a  side  reaction  in  the  preparation  of  sulfonyl 
derivatives  (survey  of  literature  in  [3]).  The  mechanism  of  this  reaction  was  formulated  by  Hess  and  Stenzel 
[4J  who  suggested  the  intermediate  formation  of  a  sulfonyl  compound  which  then  reacts  with  the  pyridine 
hy^ochlorlde  formed  during  the  reaction.  Other  authors  support  this  theory  [5], 

Replacement  of  hydroxyl  by  chlorine  under  the  action  of  chlorides  of  carboxylic  acids,  which  we 
observed  In  the  case  of  N-hydroxymethylcarbazole,  has  been  observed  with  an  extremely  limited  number 
of  compounds,  mainly  tertiary  alcohols.  Bretschneider  and  Biemann  [6]  showed  that  in  compounds  of  the 
type  of  phenylalk^nolamlnes,  treatment  with  acetyl  chloride  can  lead  to 


R-r  VC— CHN< 


R'-l 


OH 
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acylation  of  the  hydroxyl  of  the  side  chain  or  to  replacement  by  chlorine,  depending  upon  the  character  of  tlie 
siibsiitueiiLs  It  and  R'.  The  difference  in  behavior  is  due  to  migration  of  tite  electrons  of  the  system  under  the 
influence  of  different  R  and  R*  which  either  cause  loosening  of  the  carblnol  hydroxyl  or  strengthening  of  the 
C-OIl  bond. 

Our  observation  of  tlie  replacement  of  tlie  hydroxyl  group  of  N-hydroxymethylcarbazole  by  chlorine 
must  be  viewed  in  relation  to  the  previously  established  anomalous  alkyl-oxygen  cleavage  of  ethers  of  this 
compound  on  treatment  with  certiin  nucleophilic  reactants  (  7].  In  the  present  case  the  replacement  of 
hydroxyl  by  chlorine  must  be  regarded  as  a  particular  case  of  a  general  reaction  of  alkyl-oxygen  cleavage  at 
tire  basis  of  which  lies  the  increased  tendency,  characteristic  of  corhpounds  of  this  type,  of  the  C-0  bond  to 
polarize  in  the  C  —  0“  direction.  This  theory  makes  the  behavior  of  N-hydroxymethyl-.l-nitro-  and  N-hydrox- 
ymethyl-  3-benzoylcarbazole  in  acylation  reactions  understandable.  Introduction  of  electrophilic  sub¬ 
stituents  lowers  the  susceptibility  of  the  C-O  bond  to  polarization,  and  treatment  with  acid  chlorides  leads  to 
formation  of  the  normal  products  of  acylation. 

The  structural  characteristics  governing  the  susceptibility  of  compounds  of  various  types  to  alkyl- 
oxygen  cleavage  are  not  fully  clarified.  A  series  of  compounds  containing  the  ^NCiljO-  group  is  known  to 
react  according  to  this  scheme  with  organomagnesium  compounds,  with  alcohols  and  with  amides  [7,  8].  In 
tlie  study  of  the  replacement  of  hydroxyl  by  chlorine  under  the  action  of  acid  chlorides  in  presence  of  pyridine, 
we  therefore  In  the  first  instance  examined  the  behavior  of  N-hydroxym ethyl  compounds.  It  has  been 
established  [9]  that  N-hydroxym ediylstearamide  reacts  similarly  to  N-hydroxymethylcarbazole  and  reacts  with 
acetyl  chloride  and  benzoyl  chloride  to  form  stearoylaminomethylpyridinium  chloride  (11).  The  reaction  with 
sulfonic  acid  chlorides  goes  similarly  (benzenesulfochloride  and  thionyl  chloride). 

Unlike  N-hydroxymethylcarbazole  and  N-hydroxymethylstearamide,  N-hydroxym ethylphthalimide 
reacts  in  similar  fashion,  with  formation  of  phthalimidomethylpyridinium  chloride  (III),  only  on  treatment 
witli  sulfochlorides.  The  corresponding  acyl  derivatives  were  obtained  on  reaction  with  acetyl  chloride  and 
benzoyl  chloride.  The  influence  of  a  nucleophilic  reactant  on  the  reaction  course  was  further  demonstrated 
by  reacting  pyridine  hydrochloride  with  N-hydroxym  ethyl  derivatives  of  stearamide  and  phthalimide.  In 
the  case  of  N-hydroxymethylstearamide,  (II)  is  formed  with  facility;  under  the  same  conditions  N-hydroxy- 
methylphthalimide  remains  unchanged. 

The  imporunce  of  the^NCHjO-  grouping  for  realization  of  alkyl -oxygen  cleavage  was  demonstrated 
by  replacing  this  grouping  by  the>  NCH2CH2O  -  grouping.  Thus,  N-(  fl -hydroxyethyl)-phthalimide  reacted 
with  CeHsSOjCl  in  presence  of  pyridine  to  form  a  sulfonyl  derivative,  while  the  benzoic  ester  of  N-(8 -hydroxy- 
ethyl)-carbazole,  unlike  the  corresponding  ester  of  N-hydroxymethylcarbazole  [7],  reacted  with  CeHsMgBr 
according  to  the  normal  scheme  of  acyloxygen  cleavage. 

Another  series  of  hydroxymethyl  compounds  known  to  contain  a  highly  labile  hydroxyl  are  the  a-hydroxy- 
methylsulfones.  The  literature  data,  however,  do  not  give  us  a  clear  picture  of  the  types  of  nucleophilic  re¬ 
actants  that  lead  to  replacement  of  the  hydroxyl.  Thus,  treamient  of  hydroxymethyl-p-tolylsulfone  with 
ammonia  or  aniline  leads  to  ot-amlnomethylsulfones  [TO],  whereas  the  action  of  benzoyl  chloride  and  pyridine 
gives  p-tolylsulfonylm ethyl  benzoate  [11]. 

For  our  Investigation  we  made  use  of  the  readily  accessible  hydroxymediyl-p-acetam  idophenylsulfone 

CH3C0NHCgH4S02CH2f)H  (IV),  which,  according  to  I.  Kh.  i-eldman  and  Gavrilova  [12]  "  has  a  very  highly 
labile  hydroxyl",  readily  reacting  witli  amines.  Reaction  of  (IV)  with  benzenesulfochloride  in  a  pyridine 
medium  gave  tw'o  substances.  One  of  them  was  Insoluble  in  pyridine  and  was  isolated  by  filtration  of  the 
reaction  mixture.  The  second  compound,  isolated  from  the  pyridine  filtrate,  was  identified  by  analysis  as  a 
phenyl-sulfonyl  derivative,  hydroxym ethyl-p-acetam Idophenylsulfone 

Ci  IjCONHCgl  I,|S02CH20S02CgH5  (V). 

The  pyridine-insoluble  compound  was  purified  by  crystallization  from  aqueous  alcohol.  It  is  Insoluble  in 
alcolioi  and  benzene,  readily  soluble  in  water;  on  heating  it  decomposes  at  above  250°  without  melting. 
Analytical  data  and  the  melting  point  of  the  picrate  identified  it  as  l,l'-methylene-bis-(pyridiniumchloride) 
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(VI).  This  s&ucture  was  finally  confirmed  by  die  identity  of  its  picrate  widi  the  picrate  obtained  from  1,1*- 
m ethylene- bis-  (pyridlniuni  bromide);  the  latter  was  synthesized  by  die  reaction  of  methylene  bromide  with 
an  excess  qf  pyridine.  Forma  Uon  of  (VI)  can  be  accounted  for  by  die  reaction  of  benzenesulfochloride  and 
pyridine  with  formaldehyde,  die  latter  originating  from  the  hydroxymethyl- p-acetamidophenylsulfone. 
Experiments  confirmed  the  possibility  of  such  a  transformation.  Introduction  of  paraformaldehyde  into  a 
mixture  of  benzenesulfochloride  and  pyridine  which  was  heated  to  75*  led  to  formation  of  l.l’-mediylene- 
bis-(pyridinium  chloride)  in  a  yield  of  about  75  % 

EXPERIMENTAL 

Pyridinium  salt  of  N  -  ch  loro  m  e  thy  Ic  a  r  ba  zo  1  e  (I).  9.9  g  N-hydroxymethylcarbazole 
was  suspended  in  70  ml  CCI4  and  a  mixture  of  1.1  g  benzoyl  chloride,  8.7  g  pyridine  and  20  ml  CCI4  was 
added  in  the  course  of  15  minutes.  The  temperature  of  the  mixture  rose  to  37“,  and  the  N-hydroxymethyl¬ 
carbazole  dissolved  almost  completely.  Tlie  mixture  was  heated  at  40*  for  6  hours,  then  cool^  and  filtered. 

A  precipitate  of  11.7  g  was  collected.  Evaporation  of  the  filtrate  gave  6.7  g  substance  which  after 
crystallization  from  methanol  melted  at  97.6-98.4“  and  was  identified  from  the  melting  point  of  a  mixed 
sample  as  benzoyl-N-hydroxymethylcarbazole. 

The  CGI4  -insoluble  substance  was  treated  at  40"  with  30  ml  toluene.  Evaporation  of  the  toluene 
filtrate  gave  0,5  g  of  the  original  N-hydroxy-methylcarbazole.  The  toluene-insoluble  substance  was  heated 
at  40*  with  twice  tlie  amount  of  acetone;  part  of  the  substance  (1.23  g)  did  not  dissolve  and  after  purification 
from  xylene  was  identified  as  carbazole. 

The  oil  separating  from  the  acetone  filtrate  formed  colorless  crystals  (5.38  g)  after  prolonged  freezing. 
The  crystals  melted  at  room  temperature.  They  are  soluble  in  water  and  extremely  hygroscopic.  The 
aqueous  solution  on  standing  gradually  deposited  N-hydroxymethylcarbazole  with  m.  p,  129.2-130".  On 
heating  an  aqueous  solution  of  the  substance  with  lO^  sodium  hydroxide  solution,  pyridine  was  detected 
(formation  of  [CufCsHsN);}]  •  [SCN]^).  Subsequent  acidification  of  the  alkaline  solution  led  to  separation 
of  N,N'-dicarbazylmethane.  Not  even  traces  of  benzoic  acid  were  found  after  extraction  of  the  acid  motiier 
liquor  with  ether  and  evaporation  of  the  solvent. 

Addition  of  silver  nitrate  to  an  aqueous  solution  of  the  compound  led  to  precipitation  of  silver  chloride. 

d*  1.0496,  n“  1.5260,  MR  86.18;  Calc.  86.47. 

4  D 

Found  ’/j:  Cl  11.6,  11.48,  CwHuNjCl.  Calculated  Cl  12.03 

Acidification  of  an  aqueous  solution  of  the  compound  with  hydrochloric  acid  gave  N,N*-dicarbazyl- 
raethane  with  m.  p.  311-312*  (90.3'7oof  theory). 

Action  of  acid  chlorides  on  N  -  hydroxymethyl  derivatives  of  acid  am  ides. 

S  tea  ro  y  lam  inom  e  thy  Ipyr  i  d  i  ni  um  chloride  (II).  a)  Action  of  benzenesulfochloride. 
18.8  g  N-hydroxymethylstearamide  was  suspended  in  120  ml  CCI4  ;  the  suspension  was  heated  to  40“  and  a 
mixture  of  12  g  benzenesulfochloride  and  12  g  pyridine  was  added.  The  mixture  was  heated  at  55*  for  3  hours 
and  then  cooled;  the  stearoylamlnomethylpyridinium  chloride  (II)  was  then  filtered  off  in  admixture  with  a 
snfall  amount  of  the  pyridinium  salt  of  benzenesulfonic  acid  (35.4  g).  Purification  of  (11)  was  effected  by 
crystallization  from  CCI4  or  acetone  and  presented  difficulty  due  to  the  instability  of  (11).  After 
crystallization  from  acetone  the  m.  p.  was  134.7-135*.  ( Literature  data:  chars  at  92"  melts  at  135*  [13]). 

(11)  is  easily  soluble  in  die  cold  in  methanol  and  ethanol,  soluble  on  heating  in  acetone  and  butanol, 
sparingly  soluble  in  benzene  and  CCl^ . 

Found  %:  N  6,54,  6.72;  Cl  8.46,  8.47.  C24H43ON2CI.  Calculated  N  6.82;  Cl  8,63. 

(II)  can  be  easily  identified  by  quantitative  transformation  into  the  water-insoluble  distearoylamino- 
methane,  0.5010  g  stearoylaminomethylpyridinium  chloride  was  heated  with  5%  sulfuric  acid  to  give 
0.3528  g  (99.53%)  distearoylam  inom  ethane  with  m.  p.  147.4-147.6*  (from  butanol).  (Literature  data;  m.  p. 
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14T  [2] ). 

b)  Action  of  benzoyl  r li  1  o r t d e .  6,26  g  N-hydroxymethylstearaniide  in  50  ml  CCl^  was 

heated  to  50*  and  a  mixture  of  3,38  g  benzoyl  cliloridc  and  4.0  g  pyridine  was  added.  The  reaction  mixture 
was  heated  at  65*  for  2  hours  and  then  cooled;  the  crystals  were  filtered  (9.4  g)  and  purified  by  crystallization 
from  chloroform. 

Found  Cl  8.19,  8.19.  Ci4H4sON^l.  Calculated  %:  Cl  8.63. 

Distearoylaminomethane  was  obtained  in  quantitative  yield  by  heating  the  substance  with  5%  sulfuric 

acid. 

c)  Action  of  thionyl  chloride.  6,26  g  N-hydroxymethylstearamide  was  suspended  in  50  ml 
CCI4  and  heated  to  40”;  a  mixture  of  2.8  g  thionyl  chloride  and  4.0  g  pyridine  was  added,  the  temperature 
of  die  reaction  mixture  then  rising  to  63*.  The  mixture  was  heated  at  65*  for  4  hours  and  worked  up  as 
described  under  (b). 


Found  Cl  8.69,  8.68,  CJ4H43ON2CI.  Calculated  Cl  8,63. 

Heating  of  the  substance  with  sulfuric  acid  converted  it  quantitatively  into  distearoylaminomethane. 

P h tha lim  idom  e  thy Ipyr  i di ni um  chloride  (III).  To  a  mixture  of  165  ml  pyridine  and 
32.5  g  benzenesulfochloride  was  added  27  g  N-hydroxymethylphthalimide.  During  this  operation  the 
temperature  rose  to  64*  and  the  phthalimide  dissolved  completely.  The  reaction  mixture  was  heated  at 
62-64*  for  3  hours  and  stood  overnight  for  completeness  of  precipitation.  The  precipitate,  a  mixture  of 
phthalimidomethylpyridinium  chloride  and  a  little  pyridinium  salt  of  benzenesulfonic  acid,  was  filtered. 

Yield  38,85  g,  m.  p.  220-223*  Crystallization  from  butyl  alcohol-acetone  (70;30)  raised  the  m.  p.  to 
227-228*.  (HI)  is  readily  soluble  in  water  (10  g  in  1  g  water),  methanol  and  ethanol,  sparingly  soluble  in 
benzene,  CCI4  and  acetone. 

Found  fo:  Cl  12.76,  12.69.  CUH11O2N2CI.  Calculated  Cl  12.91. 

N-(Benzoyloxymethyl)-phthalimide.  8.85  g  N-hydroxymethylphthalimide  was  suspended 
In  80  ml  CCI4  and  a  mixture  of  8.5  g  benzoyl  chloride,  10  g  pyridine  and  10  ml  CCI4  was  added.  The 
reaction  mixture  was  heated  at  65*  for  6  hours.  After  cooling,  the  crystals  were  filtered  off,  m.  p.  125-125.8*. 
After  crystallization  from  medianol  the  m.p.  rose  to  126.8-127.8*. 

Found  <7o;  C  68.8,  68.68;  H  3.79,  4.1;  N  4.96,  4.92.  q6Hii04N.  Calculated  C  68.32;  H  3.94;  N  4.98. 

N-(Benzoyloxymethyl)-phthalimide  was  also  obtained  by  the  action  of  benzoic  anhydride  on  N-hydroxy¬ 
methylphthalimide  in  presence  of  pyridine.  M.  p.  125-125.8*. 

Action  of  pyridine  hydrochloride  on  N-hydroxymethylphthalimide.  2.2  g 
pyridine  was  dissolved  in  50  ml  CCI4  and  the  solution  saturated  with  hydrogen  chloride.  The  excess  of  the 
latter  was  removed  with  a  stream  of  dry  air  and  1  drop  of  pyridine  was  added  to  completely  bind  the  HCl, 
Addition  was  dien  made  of  4.42  g  N-hydroxymethylphthalimide  in  20  ml  CCI4  and  the  reaction  mixture  was 
heated  at  55-60*  for  3  hours.  No  change  in  the  reaction  mixture  was  observed.  After  cooling,  the  precipitate 
was  filtered  and  washed  with  water.  The  product  is  insoluble  in  cold  water  and  does  not  contain  chlorine  ions. 
Recrystallization  from  hot  water  gave  N-hydroxymethylphthalimide  with  m.  p.  139.6-140.5*. 

N-(Benzoyl  -  ft  -  hydroxyethyl)-phthalim  id  e,  3.8  g  N-(6  -hydroxyethyl)-phthalimide 
with  m.  p.  129-12,9.5*  was  dissolved  in  10  ml  pyridine  and  with  external  cooling  2.8  g  benzoyl  chloride  was 
added.  Considerable  heat  was  developed  during  the  reaction.  The  reaction  mixture  was  heated  for  30  minutes 
on  a  boiling  water  bath,  cooled,  and  poured  onto  ice.  The  crystals  were  filtered,  washed  with  water  (4.1  g  ) 
and  recrystallized  from  a  mixture  of  acetone  and  methyl  alcohol.  The  product  melted  at  116,2-116.6*;  its 
analysis  showed  it  to  be  identical  with  N-(benzoyl-fl -hydroxyethyl)-phthalimlde.  Soluble  in  benzene  and 
methanol,  sparingly  soluble  In  acetone. 
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I-ound  o/o:  C  09.04,  69.00;  M  4.76,  4.63;  N  4.72,  4.64.  Cn*Ii3t^4N.  Calculated  7o:  C  69.10;  H  4.43;  N  4.74. 

N-(Phcnylsulfonyl-  8  -  hydroxy  ctliyl)-p  hthaliin  ide.  4.77  g  N-(fl -hydroxyethyl)- 
phthaliniide  was  dissolved  In  00  ml  pyridine,  and  addition  was  made  of  4,9  g  benzenesulfochloride  at  20*. 

The  reaction  went  with  appreciable  rise  of  temperature.  The  reaction  mixture  was  left  until  the  next  day; 
on  dilution  witli  water  a  white  crystalline  precipitate  (0.3  g)  came  down;  m,  p.  136.0-137“,  After 
recrystallizatipn  from  methyl  alcohol  the  m.  p.  was  138-138.0*.  Elementary  analysis  confirmed  that  the 
substance  was  N-(phenylsulfonyl-8 -hydroxyetliyl)-phthalimide.  Soluble  in  methyl  alcohol  and  acetone. 

round  C  07.64,  07.04;  H  3.62,  3.84;  N  4.31,  4.32;  S  9.64,  9.70.  C1BH13O5NS.  Calculated 
C  57.99;  H  3.95;  N  4.23;  S  9.68. 

Action  of  ph  en  y  Im  a  g  n  cs  i  um  bromide  on  N -(  benzoyl  -  8  -  hydrox  ye  tlfy  1  )- 
carbazole.  To  a  cooled  solution  of  phenyl  magnesium  bromide,  prepared  from  3.4  g  magnesium  and  19.8  g 
bromobenzene  in  70  ml  ether  and  separated  from  excess  of  magnesium,  was  gradually  added  9.46  g  N- 
(benzoyl-8 -hydroxyetiiyl)-carbazole  with  m.p,  141.2-141.8°.  After  standing  for  1  hour  in  ice,  the  reaction 
was  brought  to  an  end  by  heating  of  tlie  reaction  mixture  at  a  gentle  boil  for  3  hours.  It  was  then  recooled 
and  treated  with  saturated  ammonium  chloride  solution.  The  ether  layer  was  separated  from  the  aqueous  layer 
and  the  latter  was  extracted  with  ether.  No  benzoic  acid  was  detected  when  the  aqueous  layer  was  acidified. 

The  combined  ether  extracts  were  dried  witlt  sodium  sulfate  and  evaporated  to  yield  15.1  g  of  yellowish  sub¬ 
stance  which  was  extracted  in  the  cold  with  gasoline.  The  gasoline-insoluble  substance  was  twice  re¬ 
crystallized  from  benzene-gasoline  (1:1).  Yield  4.52  g  (71.3  %■>)  of  8 -hydroxyethylcarbazole  with  m.  p.  79.5- 
80.5*.  (Literature:  83-83.5“  [14]). 

Evaporation  of  the  gasoline  extract  and  recrystallization  of  the  residue  from  chloroform  gave  3.4  g 
(62,2%)  of  benzophenone  with  m.  p.  44.3-45.3“. 

Reaction  of  benzenesulfochloride  in  presence  of  pyridine  with  hydroxy- 
methyi-p-acetamidophenylsulfone  (IV).  21.1  g  benzenesulfochloride  was  gradually  added  to 
70  ml  pyridine  with  stirring  and  cooling.  The  mixture  was  stirred  for  30  minutes  at  room  temperature,  then 
cooled  to  +5“;  portionwise  addition  was  then  made  of  22.93  g  of  (IV)  with  m.  p.  162-163“;  The  temperature 
of  the  reaction  mixture  rose.  During  the  addition  of  (IV)  the  temperature  was  held  at  5-6“  by  external 
cooling.  After  (IV)  had  been  added,  the  mixture  was  heated  for  2  hours  at  75“  stirred  for  5  hours,  and  then 
stood  overnight  at  room  temperature.  The  precipitate  was  filtered  and  washed  witli  pyridine.  The  mother 
liquor  was  run  into  water.  The  resultant  precipitate  (the  phenylsulfonyl  derivative  of  hydroxymethyl-p- 
acetamidophenylsulfone  (V),  weighing  20,65  g,  was  recrystallized  from  ethanol  and  gave  12  g  of  crystals 
with  m.  p.  181-182“.  After  a  second  recrystallization  from  ethanol  the  m,  p.  was  185.2-186.5“, 

Found  %:  C  48.82,  48.79;  H  3.87,  3.86;  N  3.78,  3.94;  S  17.55,  17.66  (Liebig  method). 

CisHjsOgNSz.  Calculated  %:  C  48.77;  H  4,09;  N  3.79;  S  17.36. 

1 , 1  ’  -  M  e  thy  le  ne  -  bi  s  -  ( pyr  i  d  i  n  i  um  chloride)  (VI).  1)  The  pyridine-insoluble 

precipitate  (9.4  g)  was  recrystallized  from  a  mixture  of  alcohol  and  water  (9:3)  and  gave  white  crystals 
(4.15  g),  readily  soluble  in  water,  insoluble  in  alcohol  and  benzene.  Silver  chloride  came  down  when  silver 
nitrate  was  added  to  the  aqueous  solution  of  tlie  substance. 


Found  %:  C  50,65,  50.72;  H  5.49,  5,54;  N  10.75.  10,8*';  Cl  26.8.  CuiHaN2Cl2  •  H2O.  Calculated  %; 

C  50,59;  H  5.40;  N  10.73;  Cl  27.15. 

According  to  Schmidt  [15],  methylene-bis-(pyridinium  chloride)  crystallizes  from  aqueous  alcohol  with 
one  molecule  of  water. 

Mixing  of  aqueous  solutions  of  die  substance  and  picric,  acid  resulted  in  precipitation  of  a  sparingly 
soluble  picrate  wldi  m.  p.  245“  (with  decomp,).  A  mixture  with  the  picrate  obtained  from  l,l'-methylene- 
bls-(pyridinlum  bromide)  did  not  give  a  depression  of  melting  point. 
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The  aqueous  alcoholic  mother  llqiior  obuineci  during  the  crystallization  was  evaporated  and  tlie  residue 
dissolved  in  water.  A  further  2.1  g  of  1,1 '-nicthylene-bis-(pyridinium  chloride)  was  isolated  from  tills  solution 
in  the  form  of  picrate. 

2)  To  70  ml  pyridine  was  added  19.4  g  benzenesulfochlorlde  with  stirring  and  cooling.  The  mixture 
was  stirred  30  minutes  at  room  temperature,  after  which  3^3  g  907o  paraformaldehyde  was  added.  The  mixture 
was  then  heated  for  1  hour  to  75“  and  stirred  at  this  temperature  for  5  hours.  The  precipitate  was  filtered  on 
the  following  day  and  washed  witli  alcohol.  The  product  was  purified  by  crystallization  from  a  mixture  of 
alcohol  and  water  (9:3)  to  give  9.72  g  of  l,l’-methylene-bis-(pyridinium  chloride)  hydrate. 

Found  C  50.88,  50.61;  H  5.38,  5.56;  N  10.86,  10.79;  Cl  27.0,  26.7  (by  titration  with  AgNO,). 

CiiHcNjCla  •  II2O.  Calculated  C  50.59;  H  5.40;  N  10.73;  Cl  27.15.' 

Melting  point  of  picrate  245-24T  (with  decomp.).  A  mixed  specimen  with  the  picrate  obtained  from 
l,l’-methylene-bis-(pyridinium  bromide)  did  not  give  a  depression  of  melting  point.  An  additional  1. 1  g  of 
(VI)  was  isolated  from  the  aqueous  alcoholic  mother  liquor,  as  indicated  above,  in  the  form  of  picrate. 

l,l*-Methylene-bis-(pyridinium  bromide).  3.48  g  methylene  bromide  and  10  ml 
pyridine  were  heated  for  5  hours  on  a  boiling  water  bath.  TfieTprecipitate  was  filtered  off  and  washed  with 
alcohol.  Yield  5.2  g  (78.3%)  l,l*-methylene-bis-(pyridinium  bromide)  with  m.  p.  255-259*.  (Literature 
data:  m.  p.  255-258“  (with  decomp.)  [16]). 

The  picrate  was  prepared'by  adding  50  ml  of  a  cold  saturated  solution  of  picric  acid  to  0.33  g  of  1,1*- 
m ethylene- bis-(pyridinium  bromide)  in  30  ml  water.  The  mixture  was  heated  to  the  boil  and  cooled.  Weight 
of  precipitated  picrate  0.62  g;  m.  p.  245-246.5“  (with  decomp.).  The  literature  reports  m.  p.  245-249“  [17]; 
239-240*  (with  frothing  and  decomposition)  [16]. 


SUMMARY 

The  action  of  acid  chlorides  in  presence  of  pyridine  on  some  hydroxymethyl  compounds  was  studied 
and  the  following  facts  were  esublished. 

1.  The  action  of  chlorides  of  carboxylic  and  sulfonic  acids  on  N-hydroxymethylcarbazole  and  N-hydrox- 
ymethylcarbazole  and  N-hydroxymethylstearamide  leads  to  pyridinium  salts  of  the  corresponding  chloro- 
methyl  compounds. 

2.  N-Hydroxymethylpthalimide  similarly  reacts  with  sulfonic  acid  chlorides;  its  reaction  with 
chlorides  of  carboxylic  acids  yields  acyl  derivatives. 

3.  Hydroxymethyl-p- acetamidophenylsulfone  reacts  with  benzenesulfochloride  and  pyridine  with 
formation  of  a  phenylsulfonyl  derivative  and  l,l*-methylene-bis-(pyridinium  chloride):  the  latter  can  be 
obtained  in  good  yield  by  interaction  of  paraformaldehyde,  benzenesulfochloride  and  pyridine. 
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REACTIONS  OF  ACYL  PEROXIDES  WITH  MERCURY 


G.  A.  Razuvaev  and  Yu.  A,  Oldekop 


W  e  previously  showed  [1]  that  radicals  formed  on  decomposition  of  peroxides  can  be  fixed  by  metallic 
mercury.  On  carrying  out  the  reaction  at  low  temperatures,  RCO2  •  radicals  are  fixed  at  the  mercury  with 
formation  of  mercurous  salts,  while  at  higher  temperature  the  RCO2  •  radicals  break  down  to  R  •  and  COj 
with  formation  of  RHgOCOR.  The  medium  in  which  these  reactions  take  place  plays  an  important  part. 

The  cases  that  we  investigated  involved  competitive  reactions  of  acyl  peroxides  with  mercury  and  solvent. 

In  the  present  work  we  studied  the  reactions  of  acyl  peroxides  with  mercury  in  various  media  and  extended 
the  scope  to  cover,  apart  from  benzoyl  and  acetyl  peroxides,  also  chloroacetyl  and  m-nitro- benzoyl 
peroxides;  the  two  latter  give  more  stable  RCO2  '  radicals  on  break  down. 

Our  solvents  may  be  divided  into  three  classes:  1)  those  reacting  less  readily  with  peroxides  than  with 
mercury;  2)  those  reacting  with  peroxide  with  greater  facility  than  with  mercury;  3)  solvents  entering  into 
reaction  with  mercury  as  a  result  of  initiation  by  peroxide.  Benzene  and  dioxane  belong  to  the  first  group. 
Acetyl  peroxide  reacts  in  a  benzene  medium  with  mercury  at  the  ordinary  temperature  with  liberation  of  CO  2 
and  with  formation  of  mercurous  acetate.  Methyl  mercuric  acetate  was  not  detected  even  in  traces.  (It 
was  previously  observed  [1,  2]  that  a  considerable  amount  of  methyl  mercuric  oxide  is  formed  on  heating.) 
Chloroacetyl  peroxide  reacts  in  the  same  manner.  On  shaking  its  benzene  solution  with  mercury  at  the 
ordinary  temperature,  fixation  of  the  chloroacetyloxy  radical  at  the  mercury  is  observed;  97<7oof  mercurous 
chloroacetate  was  isolated.  It  is  interesting  to  note  that  the  direction  of  the  reaction  is  not  changed  even 
when  the  reaction  is  conducted  in  boiling  benzene,  only  the  velocity  increasing  considerably. 
mercurous  chloroacetate  was  isolated.  The  CICH2CO2  •  radical  only  broke  down  to  an  insignificant  extent 
The  extent  of  decomposition  was  determined  from  the  amount  of  CO2  released,  and  was  found  to  be  2.5%, 

We  therefore  see  that  the  introduction  of  chlorine  greatly  stabilizes  the  RCO2  •  radical.  A  similar  effect 
is  exerted  by  the  nitro  group  on  the  stability  of  O2NC6H4CO2  •  which  is  more  stable  than  the  CO2  • 
radical.  A  high  yield  of  mercurous  m-nitrobenzoate  is  obtained  at  the  ordinary  temperature.  With  rising 
temperature  the  yield  of  mercurous  salt  falls  sharply,  but  formation  of  m-nitrophenyl  mercury  is  not  observed. 
With  rising  temperature  the  peroxide  probably  starts  to  react  with  the  solvent.  Dioxane  occupies  an 
intermediate  position  between  the  1st  and  2nd  group.  On  shaking  a  dioxane  solution  of  benzoyl  peroxide  with 
mercury  at  the  ordinary  temperature,  mercurous  benzoate  is  formed  but  only  in  30%  yield. 

The  second  group  of  solvents  includes  alcohols  which  are  known  to  react  with  facility  witii  acyl 
peroxides  (apart  from  tertiary).  We  observed  that  the  addition  of  hydroquinone  to  a  benzene  solution  of 
benzoyl  peroxide  leads  to  complete  suppression  of  the  reaction  of  the  peroxide  with  mercury  both  in  the  cold 
and  with  heating.  In  a  solution  of  ethylene  glycol  monoethyl  ether,  peroxides  do  not  react  with  mercury. 
Thus,  m-nitro  benzoyl  peroxide  did  not  react  at  all  with  mercury  even  when  the  solvent  was  boiled. 

Carbon  tetrachloride  belongs  to  the  3rd  group  of  solvents.  Chlorination  of  mercury  is  observed  [1] 
when  acetyl  peroxide  is  heated  with  this  solvent.  Heating  of  benzoyl  peroxide  in  carbon  tetrachloride  with 
mercury  gives  phenylmercuric  chloride  [3].  But  if  the  reaction  between  mercury  and  benzoyi  peroxide  is 
performed  in  carbon  tetrachloride  at  the  ordinary  temperature,  no  reaction  between  mercury  and  solvent  is 
observed,  and  mercurous  benzoate  is  formed.  It  may  be  suggested  that  the  reaction  between  mercury  and 
carbon  tetrachloride  is  initiated  by  R  •  radicals  and  not  by  RCO  2  •  radicals.  This  theory  may  be  checked 
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by  performing  the  reaction  in  carbon  tetrachloride  between  mercury  and  iP-nitrobenzoyl  peroxide.  As 
Indicated  above,  the  nltiobenzoyloxy  radical  does  not  break  down  with  release  of  CO,  even  at  relatively 
high  temperatures.  In  tills  case,  as  was  expected,  we  established  only  the  formation  of  mercuric  salts  of 
nitrobenzoic  acid.  Very  little  CO,  was  evolved. 

EXPERIMENTAL  • 

Reactions  taking  place  without  heating 

Reaction  of  acetyl  peroxide  with  mercury  and  benzene.  4.5  g  acetyl  peroxide 
in  100  ml  benzene  was  shaken  on  a  machine  wftli  ‘25  g  mercury  for  100  hours  at  room  temperature.  A  test 
for  peroxide  gave  a  negative  result.  At  the  end  of  the  reaction,  the  milky  white  precipitate  was  separated 
from  metallic  mercury  and  filtered  from  benzene.  It  was  mercurous  acetate  (reactions  with  Kl,  NH, ,  KCl, 
etc.);  its  weight  was  13.4  g  or  G8  calculated  on  the  original  peroxide. 

Reaction  of  chloroacetyl  peroxide  with  mercury  in  benzene.  Chloroacetyl 
peroxide  was  prepared  by  a  slight  modiTication  of  the  method^of  Vanino  and  Uhlfeder  [4].  20  g  hydrogen 
peroxide  (15'7o)  was  placed  in  a  beaker  and  cooled  to  0*.  With  constant  cooling  and  stirring,  slow  addition 
was  made  of  5  g  chloroacetyl  chloride.  The  resultant  peroxide  in  the  form  of  a  white  crystalline  solid  was 
collected,  quickly  washed  witli  iced  water,  dissolved  in  benzene,  and  dried  with  calcium  chloride.  The 
amount  of  peroxide  was  determined  iodometrically  in  the  benzene  solution.  The  yield  of  chloroacetyl 
peroxide  reached  2.2  g  (537o).  1.5  g  of  the  peroxide  in  solution  in  50  ml  benzene  was  stirred  at  room 
temperature  for  2  hours.  At  the  end  of  the  experiment  no  free  peroxide  was  detected  in  the  reaction  mass. 

The  reaction  yielded  4.5  g  {91%)  of  mercurous  chloroacetate  (identified  by  reaction  with  KI,  NH,  and 
CaCl, ).  M.  p.  18T,  which  is  confirmed  by  literature  data. 

Reaction  of  benzoyl  peroxide  with  mercury  in  carbon  tetrachloride. 

2,42  g  (0.01  mole)  benzoW  peroxide  (with  relation  to  100  percent  ^roxide)*  *,  45“g'oT 

metallic  mercury  and  50  ml  carbon  tetrachloride  were  vigorously  shaken  at  room  temperature  tor  50  hours. 

The  resultant  whitish-grey,  clotty  mass  was  mechanically  separated  from  the  mercury  and  filtered.  The 
solid  was  washed  several  times  with  hot  CCI4  and,  after  addition  of  5  g  KCl,  steam  was  passed  through 
(steam  distillation  is  convenient  for  rapid  elimination  of  solvent).  After  the  distillation,  4.25  g  (90  %) 
mercurous  chloride  was  filtered  off.  The  filtrate  gave  a  positive  reaction  for  divalent  mercury.  0.3  g 
mercury  chloride  was  obtained  after  precipitation  with  hydrogen  sulfide.  After  removal  of  the  latter,  the 
residue  was  evaporated  to  a  small  volume  and  acidified  with  cone.  HCl  to  bring  down  2.1  g  benzoic  acid 
with  m.  p.  120-121*  (from  water). 

Reaction  of  benzoyl  peroxide  with  mercury  and  dioxane.  1  g  benzoyl  peroxide,  40  g 
metallic  mercury  and  20  ml  dioxane  were  stirred  at  room  temperature  for  100  hours.  The  reaction  mass  was  then 
filtered,  the  residue  washed  in  alcohol  and,  after  addition  of  excess  calciurh  chloride,  steam  was  passed  through 
it.  The  residue  from  steam  distillation,  after  filtration,  yielded  0.57  g  (29<7o)  of  mercurous  chloride  complex. 
Mercurous  chloride  was  separated  from  the  calcium  salt  of  benzoic  acid  by  the  addition  of  concentrated  HCl; 
the  residue  contained  0,6  g  benzoic  acid  with  m.p.  120*. 

Reaction  of  benzoyl  peroxide  with  mercury  and  hydroquinone  in  benzene. 

l. '>21  g  (0.005  mole)  benzoyl  peroxide,  0.55  g  hydroquinone,  50  g  mercury  and  20ral  benzene  were  shaken  for 
15  hours.  The  precipitate  was  filtered  and  the  mercury  separated,  leaving  0.2  g  quinhydrone.  Benzene  was 
removed  from  the  filtrate  by  distillation;  careful  evaporation  of  tlie  benzene  yielded  0.1  g  p-quinone  with 

m.  p.  111*.  After  distillation  of  the  benzene  the  weight  of  residue  was  1.3  g;  steam  was  passed  tlirough  this 
mass  for  a  short  period  and  a  further  0.15  g  quinone  was  collected  with  m.  p.  Ill*  (sublimation).  The 
residue  conuined  benzoic  acid  with  m.  p.  119-120"  (from  water). 

Reaction  of  m  -  ni  trobenzoyl  peroxide  with  mercury  in  benzene.  m-Nitro- 
benzoyl  peroxide  was  prepared  by  nitration  oT benzoyl  peroxide  f5].  1  g  of  m-ni trobenzoyl  peroxide 
(activity  987>).  70  g  metallic  mercury  and  20  ml  benzene  were  shaken  for  30  hours  at  room  temperature. 


*  N.  K.  Taikova  and  I.  G.  Malcneva  participated  in  the  experimental  work. 
•  •  This  also  applies  to  the  later  experiments  with  benzoyl  peroxide. 


The.  rc.H'tlon  mass  was  tluMi  separated  mcehanir.ally  from  mercury,  washed  several  times  with  benzene  and 
then  siihjcc  ted  to  steam  distillation.  To  the  residue  was  added  a  saturated  solution  of  calcium  chloride,  and 
the  distillation  was  continued.  After  completion  of  distillation  the  residue  was  filtered.  The  solid  was 
mercurous  chloride  (blackening  with  concentrated  ammonia),  weight  1.25  g  (90')?;  ).  The  filtrate  was 
evaporated  to  a  small  volume.  Crystals  of  calcium  m-nitrobenzoate  came  down;  weight  1.3  g.  Aqueous 
mctlianol  was  added  to  this  substance  and  HGl  was  passed  tlirough.  On  the  following  day  needles  of  methyl 
m-nitrobenzoate  came  down;  m.  p.  78-79*. 

Reactions  taking  place  with  boiling  of  the  solvent 

Reaction  of  chloroa  cetyl  peroxide  with  mercury  in  benzene.  1.2  g  chloro- 
acetyl  peroxide  in  50  ml  benzene  was  stirred  wldi  25  g  mercury  at  the  boiling  point  of  benzene  for  2  hours. 

At  the  conclusion  of  tlie  reaction,  a  test  for  peroxide  was  negative.  The  mercury  was  separated  and  the 
precipitate  decanted.  The  precipitate  was  filtered  from  benzene.  Investigation  showed  that  it  vas  mercurous 
chloroacetate  (reaction  for  mercurous  ion  with  KI,  NHs  and  KCl),  m,  p.  180".  Weight’2.6  g  (70%).  CQ 
was  collected  during  the  reaction  (absorption  in  barytes  water).  Weight  of  BaCOj  0.08  g,  corresponding  to 
2.5%  of  decomposed  peroxide. 

Reaction  of  benzoyl  peroxide  with  mercury  and  hydroquinone  in  benzene. 

2.42  g  benzoyl  peroxide,  1.1  g  hydroquinone,  60  g  mercury  and  40  ml  benzene  were  shaken  while  the 
benzene  was  boiled  for  15  hours.  At  tlie  end  of  the  reaction,  the  quinhydrone  (0.45  g  )  was  filtered  off. 

The  filtrate  was  distilled;  Uie  solvent  was  distilled  off  and  steam  was  passed  through  the  residue  for  a  short 
time  to  eliminate  the  residue  of  benzene.  The  residue  contained  2.4  g  benzoic  acid.  From  the  benzene 
solution,  after  evajxaration  of  the  benzene,  was  collected  0.55  g  p-quinone. 

Reaction  of  m  -  ni  tro  be  n  zo  y  1  peroxide  with  mercury  in  benzene.  3.3  g  m-nitro- 
benzoyl  peroxide  (activity  98%),  100  g  metallic  mercury  and  50  ml  benzene  were  heated  at  the  boiling 
point  of  benzene  with  vigorous  stirring  for  6  hours.  Half  an  hour  after  the  start  of  reaction,  the  mass 
thickened  and  changed  into  a  dirty-grey  cream.  Owing  to  the  difficulty  of  filtering  such  a  mass,  the  mercury 
was  mechanically  separated,  saturated  calcium  chloride  solution  was  added,  and  steam  was  passed  through. 

After  the  benzene  had  been  driven  off,  distillation  with  steam  was  continued  for  a  short  time.  On  com¬ 
pletion  of  the  distillation,  the  precipitate  was  filtered,  it  consisted  of  mercurous  chloride  blackening  with 
concentrated  ammonia),  and  Its  weight  after  separation  of  the  mercury  was  1  g  (22%).  The  filtrate 
contained  calcium  benzoate.  Weight  of  dry  salt  2.75  g. 

Reaction  of  m  -  ni  trobenzoyl  peroxide  with  mercury  in  carbon  tetrachloride, 
3.32  g  m-nl trobenzoyl  peroxide  (activity  98%),  50  ml  carbon  tetrachloride  and  25  g  mercury  were  shaken 
while  the  solvent  was  boiled  for  18  hours«  The  thick  reaction  mass  was  separated  from  the  mercury, 
filtered,  and  repeatedly  washed  with  hot  carbon  tetrachloride.  The  precipitate  was  thereupon  treated  with 
saturated  calcium  chloride  solution,  3,7  g  (80%)  mercurous  chloride  was  obtained.  During  the  experiment 
0,018  g  CQj  came  off,  equivalent  to  2%  of  the  peroxide  taken  into  reaction. 

Reaction  of  m  -  ni  trobenzoyl  peroxide  with  mercury  in  ethylene  glycol  mono- 
ethyrVther.  1,66  g  m-nitrobenzoyl  peroxide  (activity  98%),  50  ml  ethylene  glycol  monoethyl  ether 
and  50  g  mercury  were  shaken  and  heated  at  the  boiling  point  of  the  solvent  for  6  hours.  At  the  end  of  the 
reaction,  the  mercury  was  separated  from  the  transparent  solution.  The  latter  gave  a  reaction  for  aldehyde. 

No  mercury  compounds  were  detected. 

SUMMARY 

1 .  Acetyl  peroxide  in  benzene  solution  reacts  at  room  temperature  with  metallic  mercury  with 
formation  of  mercurous  acetate. 

2.  Chloroacetyl  peroxide  in  benzene  solution  reacts  with  metallic  mercury  with  or  without  heating 
with  formation  of  mercurous  chloroacetate. 

3.  Benzoyl  peroxide  in  carbon  tetraclilorlde  or  dioxane  solution  at  room  temperature  reacts  with 
metallic  mercury  to  form  mercurous  benzoate. 
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4.  Beiizoyl  peroxide  in  benzene  !ioliitlon  in  presence  of  hydroquinone  does  not  react  with  tnetallic 
mercury. 

T).  m-Nitro benzoyl  peroxide  in  benzene  and  carbon  tetrachloride  in  presence  of  mercury  forms, 

wltfi  or  without  heating,  only  mercurous  m-nltrobenzoate, 

6.  m-Nitrobenzoyl  peroxide  does  not  react  with  mercury  in  ethylene  glycol  monoethyl  edier 
solution. 
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SYNTHESIS  OF  AZO  DYES  BASED  ON  4,4'-DIAMINODIPHENYLUREA 


D.  F.  Kutepov  and  Z.  G.  Vukolova 


At  the  present  time  a  large  number  of  azo  dyes  are  obtained  on  the  basis  of  benzidine.  The  latter 
possesses  carcinogenic  properties;  consequently  its  replacement  in  the  manufacture  of  dyes  by  other 
intermediates  is  extremely  desirable. 

In  our  studies  [1]  we  described  a  method  for  die  preparation  of  4,4*“dinitrodiphenyiurea.  The  obtained 
4,4*-dinitrodiphenylurea  was  reduced  witii  iron  (cast-iron  shavings)  [2];  The  separation  of  the  formed  4,4’- 
diaminodiphenylurea  was  effected  by  extraction  with  hot  water,  weak  hydrochloric  acid,  and  with  the  aid  of 
organic  flotation  agents  (butanol,  isobutanol,  ethyl  alcohol  and  solvent).  The  flotation  method  using  butanol 
gave  die  best  results.  With  this  method  a  product  with  a  92<7o  amine  content  was  obtained  in  a  total  yield  of 
98.2<7o.  The  concentration  of  the  diamine  in  the  butanol  layer  was  a  total  of  only  0.1%. 

4  4’-Diaminodiphenylurea  was  subjected  to  diazotization  and  azo-coupling  with  1,8-aminonaphthol- 
3,6-disulfonic  acid  (H-acid),  m-phenylenediamine,  2,8-aminonaphthoi-6-suifonic  acid  (  y-acid),  phenol, 
2,5-aminonaphthol-7-sulfonic  acid  (J-acid),  p-nitroaniline,saiicylic  acid  and  suifanilic  acid.  Here  we 
obtained  a  number  of  dyes  with  brown  hues.  Good  results  when  tested  were  shown  by  the  direct  brown  dye 
obtained  in  the  azo-coupiing  of  4,4’-diaminodiphenylurea  widi  2,8-aminonaphthol-6-sulfonic  acid  and 
salicyiic  acid: 


COONa 

HO-:f  ^-N=N-<^~^-NH-CO-HN- 


OH 

_  I 

^_N=N— NH2. 


NaOsS 


The  new  dye  obtained  in  this  manner  proved  to  have  a  better  fastness  tlian  the  direct  brown,  obtained 
by  the  azo-coupling  of  benzidine  with  y-acid  and  salicylic  acid. 

EXPERIMENTAL 

Reduction  of  4 , 4  *  -  Di  ni  tro  dip  he  n  y  i  ur  ea  to  the  Diamine.  A  mixture  of  20  g  of 
purified  iron  shavings,  50  ml  of  water  and  8  ml  of  concentrated  hydrochloric  acid  was  heated  to  the  boii 
with  stirring  and  then  boiled  for  10  minutes.  After  this  10  ml  of  butanol  was  added,  and  then  5  g  of  4,4’- 
dinitrodiphenyiurea.  Since  tlie  dinitro  product  mixes  poorly  with  water,  it  was  charged  as  a  paste,  previously 
prepared  from  5  g  of  the  dinitro  product  and  50  mi  of  water;  tlie  paste  was  added  in  5  minutes.  The  mixture 
was  heated  to  90*  and  kept  at  this  temperature  for  5  hours.  The  iron  salts  were  precipitated  with  calcined 
soda  (test  with  Na2S).  The  diamine  found  in  the  sludge  is  very  difficultly  soluble  in  water  and  in  organic 
solvents,  and  dissolves  in  hydrochloric  acid  only  when  heated;  in  this  connection  its  isolation  from  the  iron 
sludge  presented  some  difficulties. 
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Isolation  of  4,  4  *  -  Diam  i  nodipheny  lurea  From  Iron  Sludge.  a)Extractlon  with 
h  ot  w  a  ter.  A  mixture  of  the  sludge,  obtained  from  one  experiment,  and  100  ml  of  water  was  bolled^Ith 
stirring  for  30  minutes,  and  then  it  was  filtered  hot.  White  crystals  with  a  grayish  tinge  deposited  from  the 
filtrate  on  cooling,  which  sublim'ed  without  melting  when  heated.  After  10  extractions  with  hot  water  we 
obtained  0.85  g  (21.2%)  of  4,4'-dlaminodiphenylurea. 

Found  %:  C  64.09,  64.28;  H  5.67,  5.94;  N  23.09,  23.02.  CuHnpN^.  Calculated  %:  C:  64.44;  H  5.83; 

N  23.13. 

b)  Isolation  with  hydrochloric  acid.  The  experiment  was  performed  in  the  same  manner 
as  the  preceding.  The  precipitate  on  the  funnei  after  filtering  was  washed  with  hot  dilute  hydrochloric  acid. 
The  filtrate  after  cooling  was  made  alkaline  with  calcined  soda;  the  resulting  precipitate  was  filtered  and 
dried.  We  obtained  9.6  g  of  dry  product  with  a  4,4*-diaminodiphenylurea  content  of  24.2%  (53%,  based  on 
the  dinitrodiphenylurea).  The  low  diamine  concentration  in  the  product  is  explained  by  the  large  amount 
of  impurities  present,  chiefly  iron  salts. 

c)  Isolation  with  the  aid  of  organic  flotation  agents.  A  mixture  of  the  sludge  from 
one  experiment,  containing  the  diamine,  Dso  ml  o7  water  and  100  mi  of  butanol  was  stirred  for  30  minutes  at 
25*,  and  just  prior  to  tlie  end  of  stirring  was  added  25  g  of  common  salt.  On  conclusion  of  stirring  the 
mixture  was  transferred  to  a  cylinder  for  settling  —  separation  of  the  butanol  layer.  The  iron  sludge  quickly 
settled  to  the  bottom  of  the  cylinder.  After  separation,  the  butanol  layer,  containing  the  diamine  as 
crystals,  was  filtered.  The  yield  of  dry  product  with  a  92%  content  of  4,4’-diaminodiphenylurea  was  4.82  g, 
which  corresponds  to  a  98.2%  yield. 

The  diazotization  of  the  4,4'-diaminodiphenylurea  and  its  azo-coupling  with  the  above  indicated 
intermediates  was  run  by  known  methods,  already  described  in  the  literature  [3]. 

SUMMARY 

r.  A  method  was  developed  for  the  isolation  of  4,4 -diam inodiphenylurea  from  iron  sludge  in  98.2% 
yield  by  die  flotation  technique  employing  butanol. 

2.  In  principle  it  was  shown  that  it  is  possible  to  obtain  azo  dyes  by  the  azo-coupling  of  4,4’-diamino' 
diphenylurea  with  various  intermediates.  The  direct  brown  dye  synthesized  from  4,4'-diaminodiphenylurea  is 
in  no  way  inferior  to  the  direct  brown  dye  obtained  from  benzidine. 
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CYANINE  DYES 


X.  SOME  MEROCYANlNOCAiyiOCYANlNES 

M.  V.  Deichmeister,  I,  I.  Levkoev  and  E.  B.  Lifshits 


In  recent  years  various  polynietliine  dyes,  containing  several  different  chromophore  systems,  frequently 
conjugated  with  each  otlier,  have  been  described  in  the  literature,  mainly  in  the  patent  literature.  Of  tliese 
dyes  the  merocyaninocyanines,  the  derivatives  of  thia-,  oxa,  selena-  and  imidazolin-4-one  of  structure  (I), 
and  also  of  thiazolin-5-one,  possess  the  greatest  importance. 


(I) 


Where  Y  and  Y'=  O.S,  Se,  CH=CH,  C(CH3)j,  etc.,  V  and  V’  =  C  or  CH=CH  (in  the  last  case  the  groupings 
Y  and  Y’  are  absent);  Y"  =  S,  Se,  O  or  NR;  A  =  H,  alkyl  or  another  substituent;  R,  R'  and  R"  are  alkyls;  m  and 
n  =  0,  1  or  2;  and  X  is  an  acid  radical. 

Of  the  dyes  having  structures  (  I)  the  best  known  are  the  so-called  rhodacyanines  (I;  n  =  0),  which 
have  been  proposed  in  a  number  of  patents  as  being  component-stable  sensitizers  for  color  photographic 
material  [1-5].  The  rhodacyanines  usually  have  one  absorption  band  in  the  visible  region  of  the  spectrum 
[6],  which  indicates  that  in  them  both  of  the  chromophore  systems  show  mutual  conjugation. 

In  recent  years  a  study  has  been  made  of  the  color  and  photographic  properties  of  these  dyes,  differing 
in  the  character  of  the  hetero  portions  and  in  their  position  relative  to  the  central  nucleus  [7-9]  (see  [5]). 

The  vinylene  homologs  of  the  rhodacyanines  —  the  merocarbo—  and  polycarbocyanines  (I;  n  -  1,  2  or  3)  — 
have  been  studied  to  a  much  lesser  degree.  Only  several  such  dyes  (n  =  1),  with  an  unsubstituted  polymethine 
chain  [10,  11],  with  an  alkoxy  [12-15],  methylmercapto-  [11,  13]  or  methyl  group  [11,  16]  in  the  7  position, 
and  also  the  6,8-trimethylene  derivatives  [17],  have  been  briefly  described. 

In  review  [16]  it  is  mentioned  tliat  the  presence  of  a  methyl,  and  especially  of  a  m ethoxy  group,  in 
the  7  position  of  zero-methinethiamerocyaninocarbocyanines  causes  a  shift  of  the  absorption  maximum  of 
the  dyes  toward  the  short-wave  region. 

It  seemed  of  interest  to  make  a  more  detailed  study  of  die  properties  of  the  merocyaninocarbocyanines, 
and  in  particular,  to  study  the  influence  of  lengdiening  the  external  chain  in  the  merocyanine  and  cyanine 
portions  of  the  molecule,  the  nature  of  the  heterocyclic  nitrogen  portions  and  die  presence  of  substituents 
in  the  7  position  of  the  polymethine  chain  on  their  color.  In  this  connection  we  synthesized  a  number  of  zero- 
and  dimethinemerocyaninocarbocyanine  derivatives  (I;  n  =  1;  m  =  0  or  1)  of  thiazolin-4-one  (I;  Y"  =  S), 
containing  in  the  merocyanine  portion  of  the  molecule  the  benzothiazole  and  4-quinoline  portions  and  in 
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the  ry.ininc  portion  tlic  Irenzotliia/xtle,  hcir/ajxa/olc,  3,:?-climelliyliiKlolenine,  2-pyricline  and  4,fi-diphcnyl- 
thia/X>le  portions.  • 

Tlie  chain-unsubstitntcd  zero-  and  dimeth  inemerocyaninorarboryanines  (for  example  VI;  n  =  1; 
in  =  0  or  1)  were  obtained  by  tlie  condensation  of  tlie  alkiodides  of  tlie  2-6 -acetanilinovinyl  derivatives  of 
benzotliiazolc,  bcnzoxazole,  3,3-diinelhylindolenine  and  2-pyridine  with  tlie  quaternary  salts  of  the  mero- 
cyanine  derivatives  of  2-niethylthiazolin-4-one  (V).  Tliese  salts  also  readily  react  with  J,3,3-trimetliyl- 
2-forniyIinctliyleneindoline  and  tlie  etliiodide  of  2-0 -metliylmerraptovinyl-4,r)-diphenyltiiiazole,  and  also 
with  tlie  etliiodide  of  2-6  -acetanilinobntadienylbenzotliiazole  to  form  the  merocyaninodicarbocyanine 
(VI;  n  =  2;  m=  0),  (see  flO]).  However,  in  a  number  of  cases  the  formation  of  secondary  saltlike  dyes  (mainly 
of  die  corresponding  symmetrical  carbocyanines)  was  observed  here,  which  we  were  able  to  separate  by 
chromatographing  the  reaction  products  on  aluminum  oxide.  The  condensation  of  tfie  quaternary  salts  of 
the  merocyanine  derivatives  of  2-methylthiazolin-4-one  with  the  quaternary  salts  of  the  2-alkylmercapto- 
alkenylbenzothiazoles  also  gave  zero-  and  dimethinemerocyaninocarbocyanines,  containing  either  the  methyl 
or  ethyl  group  in  the  7  position,  for  example  (VII): 
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The  starting  quarernary  salts  of  the  merocyanines  widi  a  mediyl  group  in  the  2  position,  for  example  (V), 
were  obtained  by  heating  the  dimerocyanine  derivatives  of  2-benzoylcarbetlioxymethylene-3-ethylthiazolidin- 
4-one,  for  example  (III),  with  hydrochloric  acid.  To  synthesize  the  latter  tlie  quaternary  salts  of  tlie  mero¬ 
cyanine  derivatives  of  2-methylmercaptothiazolin-4-one  (II)  flS,  19]  were  condensed  with  ethyl  benzoyl- 
acetate  in  anhydrous  alcohol  in  the  presence  of  triethylamine.  This  condensation  proceeds  quite  smoothly, 
and  die  yields  of  pure  dimerocyanines  of  the  (Ill)  type  were  30-6()<7oof  die  theoretical. 

The  condensation  of  the  quaternary  salts  (II)  with  ethyl  acetoacetate  flO,  11]  proceeds,  as  was  revealed, 
much  less  .satisfactorily.  In  the  case  of  the  dimethinemerocyaiiines,  togedier  with  the  derivatives  of  2-acetyl- 
carbedioxymethylenethiazolidin-4-one  (30-40%  yield),  substantial  amounts  of  the  dyes  with  a  thiazolidin-2,4- 
dione  part  (IV)  were  formed  here,  being  the  hydrolysis  products  of  the  original  quaternary  salt  (II)  [19-21]; 
the  separation  of  these  was  easily  achieved  by  chromatographing  on  aluminum  oxide. 

•Here  the  dyes  are  named  in  accord  with  the  nomenclature  used  earlier  for  the  rhodacyanines  [7,  8J. 
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The  dinierocyanines  (III)  when  heated  with  acids  are  quite  easily  hydrolyzed  with  the  cleavage  of  benzoic 
and  carbonic  acids.  In  their  properties  the  resulting  quaternary  salts  of  the  rnerocyanine  derivatives  of  2-niethyl- 
thiazolin-4rone  (V)  are  extremely  reminiscent  of  the  quaternary  salts  of  the  2-methyl  derivatives  of  the  simpler 
heterocyclic  nitrogen  bases.  However,  they  are  readily  hydrolyzed  in  aqueous  solutions,  in  which  connection, 
the  solutions  become  colorless  and  precipitates  of  the  methylene  bases  separate,  which  when  acidified  again 
dissolve  with  restoration  of  die  original  color.  Tlie  dimethine  derivative  (V:  m  =  1)  is  hydrolyzed  with 
especial  ease,,  as  a  result  of  which  its  recrystallization  from  anhydrous  ethyl  alcohol  is  expedient  only  in  the 
presence  of  acid. 

An  SF-4  spectrophotometer  was  used  to  measure  the  absorption  spectra  of  the  synthesized  dyes  in 
1*  10"^  M  alcohol  solutions.  In  the  absorption  spectra  of  the  investigated  merocyaninocyanines,  in  addition 
to  the  main  band  in  the  visible  region,  a  quite  intense  shorter  wave  band  is  observed  (depending  on  the  length' 
of  die  polymethine  chain,  with  a  maximum  at  345-420  m  p).  The  presence  of  an  additional  absorption  band 
was  observed  earlier  for  the  simpler  cyanine  dyes  [22],  However,  for  the  merocyanines  its  intensity  is  consider¬ 
ably  greater.  The  absorption  curves  for  die  merocyaninocyanines  with  a  variable  chain  length  in  the  cyanine 
and  rnerocyanine  portions  of  the  molecule  are  shown  in  Figs.  1*3,  while  the  positions  of  the  absorption  maxima 
of  these  dyes  are  given  in  Table  1.  As  can  be  seen  from  the  Figures,  in  all  cases  a  lengthening  of  the  poly¬ 
methine  chain  causes  bodi  absorption  bands  to  shift  toward  longer  waves,  in  which  connection  die  main  band 


TABLE  1 


Benzothiazole  345,  502.368,  633  *  23, 131{l392,  720  24,87  380,600P)  35,98  1 422, 696  54,63 

4,5-Diphenyl-  i 

thiazole  350,500  376,  625  26,125  - -  -384.590**  34,90  423.672  47.47 


becomes  somewhat  broader.  The  data  in  Table  1  show  that  a  lenthening  of  the  polymethine  chain  in  the 
cyanine  portion  of  the  investigated  dyes  causes  a  bathochromic  shift  of  their  main  absorption  maximum,  in 
magnitude  completely  analogous  to  that  observed  in  the  ordinary  cyanine  series.  However,  it  should  be 
mentioned  that  in  the  case  of  the  dye  with  a  benzothiazole  part,  a  lesser  deepening  of  the  color  is  observed 
when  a  second  vinylene  group  is  introduced  (a  shift  of  87  as  against  131  mp). 

•  According  to  die  data  of  [fi],  X  max.  =  635  mp. 

•  *  Vie  wish  to  thank  Z  P.  Sytnik,  who  was  kind  enough  to  furnish  us  die  value  of  the  absorption  maximum 
of  this  dye. 
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Figure  1.  Absorption  curves  in  ethyl  alcohol  of  the 
merocyaninocyanines  (1),  Z  =  Z*  =  benzothiazole 
part. 

1  —  m  =  n  =  0;2  —  m^O,  n  =  l;3  —  m=0,  n  =  2. 


Figure  2.  Absorption  curves  in  ediyl  alcohol  of  die 
merocyaninocyanines  (1),  Z  =  Z'=benzothiazole 
part. 

1  —  m  =  n  =  0;2—  m  =  1,  n  =  0;3  —  m  =  n  =  1. 


Figure  3.  Absorption  curves  in  ethyl  alcohol  of  the 
merocyaninocyanines  (I),  Z  =  benzothiazole  part, 
Z*=4,5-dlphenylthiazole  part. 

1  —  m  =  n  =  0;2  —  m  =0,  n  =  l;3  —  m  =  n  =  l. 


A  much  smaller  bathochromic  shift 
of  the  absorption  maximum  in  the  transition 
from  the  mono-  to  the  trimethine  derivatives 
also  occurs  for  the  dyes  with  a  dimethine 
chain  in  the  merocyanlne  portion  of  the 
molecule. 

Evidently,  these  facts  are  associated 
with  the  fact  that  the  investigated  mero¬ 
cyaninocyanines  represent  unsymmetrical 
polymethlpe  dyes,  for  which,  as  is  known,  a 
bathochromic  shift  of  the  absorption  maxim  Urn 
with  elongation  of  the  polymethine  chain 
gradually  decreases  [23,  24]  as  the  result  of  an 
increase  in  the  nonuninformity  of  electron  den¬ 
sity  distribution  in  the  polymethine  chromo- 
phore.  With  elongation  of  the  chain  in  the 
merocyanlne  piortion  of  the  investigated 
compounds  the  electron  shifts  from  the 
nitrogen  of  the  heterocyclic  part  to  the 
oxygen  atom  of  the  carbonyl  group  also 
decrease  [24-27],  which  should  lead  to  an 
increase  in  the  electron  reactivity  of  the 
latter  with  the  nitrogen  atom  of  the  central 
nucleus,  arid  consequently,  to  a  reduction  in 
its  basicity.  As  a  result,  when  compared 
with  the  zero-methine  derivatives  the 
dimethinemerocyaninocyanines  are  more 
asymmetrical  compounds,  in  association  with 
which  a  lesser  bathochromic  shift  of  the 
absorption  maximum  is  observed  for  these 
dyes  in  the  transition  from  the  mono-  to  the 
tr  im  ethinecyanines. 

It  should  be  mentioned  that  a  consider¬ 
ably  greater  deepening  of  the  color  is  observed 
for  the  merocyaninomonomethinecyanines 
when  the  external  chain  in  the  merocyanine 
portion  of  the  molecule  is  lengtliened  (for 
the  thia  derivatives  a  shift  of  98  as  compared 
to  63  m  p).  This  phenomenon  is  also 
associated  with  the  fact  that  the  corresponding 
carbocyanines  are  more  asytnmetrical  due  to 
a  decrease  in  the  basicity  of  the  central 
nucleus  and  an  increase  in  the  electron  shifts 
from  the  nitrogen  atom  of  the  latter  to  the 
oxygen  atom  of  the  carbonyl  group,  as  a 
result  of  which  the  polarity  of  the  merocyanine 
portion  of  the  molecule  and  the  uniformity 
of  the  electron  density  distribution  in  it  show 
a  decrease.  From  this  viewpoint  it  appears 
logical  for  the  absorption  maxima  of  the 
dim  edtinem  erocyaninocarbocyanines 
(I;  m=  n  =1)  to  be  situated  in  the  shorter  wave 
region  when  compared  with  those  calculated 
on  die  basis  of  the  vinylene  shifts,  observed 
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In  tfie  transition  from  the  zero-methinemerocyaninocyanines  to  the  corresponding  dimethine  derivatives,  on 
the  one  hand,  and  to  the  zero-methinemerocyaninocarbocyanines,  on  the  other.  Tliese  deviations  for  the  dyes 
with  benzotbiazole  and  4,5-diphenyldiiazole  parts  are  37  and  43  mp  respectively. 

As  was  already  mentioned  above,  the  short-wave  absorption  band  of  the  investigated  dyes  is  also  shifted 
toward  the  long-wave  region  when  the  chain  is  lengthened.  The  magnitude  of  this  bathochromic  shift  in  the 
case  of  die  zero-methine  derivatives  is  23-26  mp  (see  [22]),  i.  e,  it  is  considerably  less  than  the  shift  of  the 
main  band.  In  the  case  of  the  dimethine  derivatives  this  shift  is  considerably  greater  (34-35  mp),  and  with 
elongation  of  the  chain  in  the  cyanine  portion  of  the  molecule  it  increases  even  more  (up  to  47-54  mp), 
whereas  here  tlie  magnitude  of  the  shift  for  the  main  band  shows  a  decrease. 

It  was  shown  earlier  [7]  that  the  absorption  maximum  in  the  case  of  the  rhodacyanines  is  shifted  toward 
the  short-wave  region  when  the  basicity  of  the  h'etero  part  in  the  cyanine  portion  of  the  dye  molecule  is 
increased,  whereas  a  similar  change  in  the  basicity  of  the  part  in  the  merocyanine  portion  conditions  a 
deepening  of  the  color.  It  could  be  expected  that  the  same  rules  would  also  apply  to  die  investigated  dyes. 

In  Table  2  we  present  the  absorption  maxima  for  a  number  of  zero-  and  dimethinemerocyaninocarbo- 
cyanines,  containing  parts  of  different  basicity  in  the  cyanine  portion  of  the  molecule. 
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3,3- Dimethyl  indolenine 

636 

713 

77 

Benzotbiazole 

633 

696 

63 

4, 5- Diphenyl  thiazole 

625 

672 

47 
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From  die  data  in  Table  2  it  can  be  seen  that  in  the  transition  from  dyes  with  the  weakly  basic  indolenine 
part  to  the  thia-  and  4,5-diphenylthiazole  derivatives  a  hypsochromic  shift  of  the  absorption  maximum  is 
observed,  which,  evidently,  is  conditioned  by  a  difference  increase  in  the  basicity  of  the  right  and  central 
hetero  portions,  and  as  a  result  of  this,  an  increase  in  the  nonuniformity  of  electron  density  distribution  in  the 
dye  chromophores  (see  [7]).  In  the  transition  from  zero-  to  dimethine  derivatives  the  vinylene  shifts  become 
smaller  the  more  basic  the  hetero  portion  being  changed,  i.e.,  the  greater  the  asymmetry  of  the  dye  molecule. 

The  absorption  maxima  for  the  7-alkyl-substituted  zero-and  dimethinethiamerocyaninocarbocyanines  are 
presented  in  Table  3.  The  introduction  of  a  methyl  group  in  the  meso-position  of  the  zero-methine  derivative 
conditions  a  hypsochromic  shift  of  the  absorption  maximum  by  24  mp  (according  to  A.  van  Dormael,  22  mp 
[16]).  When  the  methyl  group  is  replaced  by  ethyl  this  shift  decreases  to  19  mp. 

In  the  caise  pf  the  dimethinethiamerocyaninocarbocyanine  the  hypsochromic  shift  of  the  absorption 
maximum  is  reduced  to  10  mp  when  a  methyl  group  is  introduced  in  the  7  position.  As  a  result,  the  influence 
of  introducing  a  methyl  group  in  the  meso-position  on  tlie  color  of  tlie. invest! gated  dyes  fails  to  differ  in 
character  from  that  observed  in  the  tricarbocyanine  series  [28,  29]  (see  [16]). 
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The  absorption  maxima  of  the  synthesized  dimerocyanine  derivatives  of  die  2- acetyl-  and  2-benzoyl- 
carbethoxytnethylenethiazolidin-4-ones,  and  also  of  the  original  merocyanines  with  a  rhodanine  portion,  are 
presented  in  Table  4. 

As  can  be  seen  from  the  presented  data,  replacement  of  the  sulfur  atom  in  the  2  position  of  the 
diiazolidin-4-one  portion  by  the  benzoylcarboethoxymediylene  group  in  the  case  of  the  dyes  with  a  benzothiazole 
part  causes  some  heightening  of  die  color,  while  for  the  merocyanines  with  4-quinoline  parts  a  substantial 
badiochromic  shift  of  the  absorption  maximum  is  observed  (by  7  mp).  The  absorption  maxima  of  the  investigated 
merocyanine  derivatives  of  2- acetylcarbethoxymethylene-3-ethylthiazolidin-4-one  are  situated  in  the  somewhat 
longer-wave  region  when  compared  with  the  derivatives  of  3-ediylrhodanine  and  2-benzoylcarbethoxymethylene- 
3-ethylthiazolidin-4-one. 
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3  -  E  t h y  1  - Ti  -  (3^-ethylbenzotliiazolln-2’  -  ylidene)  thiazolidin-2-thion-4-one 
[30].  A  mixture  of  3.37  g  of  2-n)ethylmercaptol-)enzothiazole  ethiodide,  1.6  g  of  3-ethylrhodanine,  50  ml 
of  anhydrous  ethyl  alcohol  and  1  g  of  triethylamine  was  boiled  for  30  minutes  in  a  flask  under  reflux.  The 
precipitated  dye  after  cooling  was  filtered  and  washed  witli  water  and  alcohol.  Yield  2.56  g  (80.7<7o).  Yellow 
needles  with  m.  p.  256-257*.  The  product  was  purified  by  washing  with  boiling  ethyl  alcohol  (twice  with  25 
ml  portions),  after  which  it  was  used  for  the  synthesis  of  the  dyes.  Weight  2.3  g. 

3-  Ethyl-5-(l’-ethyldihydroquinol-4’-ylidene)  th  ia  zo  11  din  -  2  -  thion -4 -o  ne  [31]. 
To  a  solution  of  0.23  g  of  metallic  sodium  in  25  ml  of  absolute  ethyl  alcohol  was  added  0.8  g  of  3-ethylrhodanine 
and  2.85  g  of  quinoline  ethiodide,  and  the  mixture  boiled  for  10  minutes.  The  precipitated  dye  was  filtered 
and  washed  with  water  and  alcohol.  Yield  0.75  g  (41.4%).  The  product  was  purified  by  recrystallizadon  from 
ethyl  alcohol  (1  g  from  350  ml).  Weight  0.7  g.  Red  needles  with  m.  p.  200-20T  (204-206*  [31]). 

Found  %:  C  60.66,  60.50;  H  5.17,  5.18.  CigHijONjSj.  Calculated  %:  C  60.72;  H  5.09. 

2  -  M  ethylm  erca  pto-5-(l’-ethyldihydroquinol-4'-ylidene)-thiazolin-4-one 
Ethyl  Perchlorate.  A  mixture  of  1.2  g  of  3-ethyl-5-(l’-ethyldihydroquinol-4’-ylidene)thiazolidin-2- 
thion-4-one  and  1.5  g  of  dimethyl  sulfate  was  heated  for  10  minutes  at  110-115"  in  a  wide  open  test  tube  with 
manual  stirring.  The  reaction  mixture  was  washed  by  rubbing  it  with  absolute  ether  (twice  with  10  ml  portions), 
the  tany  mass  was  dissolved  in  35  ml  of  dry  methanol,  and  the  solution  was  poured  into  35  ml  of  25*70  methanolic 
sodium  perchlorate  solution.  The  resulting  precipitate  was  filtered,  washed  with  dry  medianoi  and  ether,  and 
then  dried  in  a  vacuum-desiccator.  Yield  1.7  g  (98.8*70).  Orange  silky  needles  widi  m.  p.  127*  . 

3-Ethyl-2-acetylcarbethoxymethylene-5-(3*-ethylbenzothiazolin-2’-ylidene) 
thiazolidin-4-one  [11].  A  mixture  of  1.6  g  of  3-ethyl-5-(3*-ethylbenzothiazolin-2'-ylidene) 
thiazolidin-2-thion-4-one  and  1.89  g  of  dimethyl  sulfate  was  heated  for  15  minutes  at  130*.  After  washing 
with  absolute  ether  (twice  with  30  ml  portions)  the  residue  was  treated  with  1.9  g  of  ethyl  acetoacetate,  35  ml 
of  anhydrous  ethyl  alcohol  and  0.5  g  of  triethylamine,  and  the  mixture  was  boiled  in  a  fiask  under  reflux  for 
30  minutes.  The  separated  precipitate  after  cooling  was  filtered,  and  washed  with  water  and  alcohoi.  Weight 
1,45  g;  m.  p.  156-158*.  The  yieid  after  two  recrystallizations  from  benzene  (1  g  from  13  ml)  was  0.9  g  (43<7o). 
Yellow  prisms  with  m.  p.  186-187*  (226-229*  [11]).  Further  purification  failed  to  change  the  melting  point. 
Readily  soluble  in  benzene,  and  somewhat  more  difficultly  soluble  in  ethyl  alcohol. 

Found  *7o:  N  6.54.  CJQH22O4N2S2.  Calculated  %:  N  6.68. 

3-Ethyl-2-benzoylcarbethoxymethylene-5-(3’-ethylbenzothiazolin-2'-ylidene) 
thiazolidin  -4-one  (III;  m  =  0).  A  mixture  of  0,16  g  of  3-ethyl-5-(3r-ethylbenzodiiazolin-2’-ylidene) 
tliiazolidin-2-thion-4-one  and  0.19  g  of  dimethyl  sulfate  was  heated  at  130*  for  15  minutes.  After  washing  witfi 
absolute  ether  (twice  with  20  ml  portions)  the  residue  was  treated  with  0.19  g  of  ethyl  benzoylacetate,  5  ml  of 
anhydrous  ethyl  alcohol  and  0.05  g  of  triethylamine,  and  the  mixture  was  boiied  in  a  flask  under  reflux  for  30 
minutes.  The  separated  precipitate  after  cooling  was  filtered  and  washed  with  water  and  alcohol.  Yield  0,14  g 
(57.8*70);  m.  p,  232-234*.  After  two  recrystallizations  from  ethyl  alcohol  (1  g  from  50  ml)  the  weight  was  0.08  g 
(33*70),  Yellow  needles  with  m.  p,  245-247*.  Quite  readily  soluble  in  benzene,  and  somewhat  more  difficultly 
soluble  in  ethyl  alcohol. 

Found  *7o:  N  5.12.  C2SH24O4N2S2.  Calculated  %:  N  5.00. 

3-Ethyl  - 2'- acetylcarbethoxymethylene-5-(3*  -  ethylbenzothiazolin-2*-ylidene- 
e  th y lidene)  thi a  zolTdi  n  -  4 -  o ne .  A  mixture  of  0,34  g  of  3-ethyl-5-3’-ethylbenzothiazolin-2’-ylidene- 
ethylidene)-tliiaTOiidin^^hion^-one  and  0.38  g  of  dimethyl  sulfate  was  heated  for  15  minutes  at  130".  Tlie 
product  was  washed  with  absolute  etlier  (3  times  with  10  ml  portions),  then  treated  with  0.39  g  of  ethyl  aceto¬ 
acetate,  20  ml  of  anhydrous  ethyl  alcohol  and  0,11  g  of  triethylamine,  and  the  mixture  boiled  for  1  hour  in  a 
flask  under  reflux.  The  precipitate  tliat  began  to  separate  even  during  die  heating  was  filtered,  and  washed  witit 
water  and  alcohol.  Weigiit  0.23  g;  m,  p.  186-187*.  For  purification  a  benzene  solution  of  the  dye  was  chromato- 
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graphed  on  aluniinum  oxide;  here  the  yellow  by-product  was  easily  separated,  and  the  reddish-violet  substance 
was  alisorbed  on  the  aluminum  oxide.  The  latter,  after  complete  removal  of  tlie  yellow  product  by  waslilng 
witli  lienzene.was  desorbed  with  chloroform.  After  removal  of  the  chloroform  by  evaporation  in  vacuo  the 
residue  was  recrystallized  from  ethyl  alcohol  (1  g  from  360  ml).  Yield  0.17  g  (38.2%).  Tiny  red  needles  with 
m.  p.  222*.  It  showed  maximum  absorption  in  ethyl  alcohol  at  534  mp. 

Found  N  6.20.  CJ2H24O4N2S2.  Calculated  %:  N  6.30. 

From  tile  benzene  solution  we  isolated  0.2  g  of  yellow  plates  with  m.  p.  221*  which  failed  to  depress 
the  melting  point  when  mixed  witli  3-ethyl-5-(3'-ethylbenzothiazolin-2’-ylidene-ethylidene)thiazolidin- 
2,4-dione. 

3-Ethyl- 2  -  benzoylcarbethoxymethylene-5-(3*-e  thylbenzothiazolin-2*-ylidene  - 
ethylidene)  thiazolidin-4-one  (III;  m  =  1).  A  mixture  of  2.45  g  of  2-methylm ercapto-5- 
(3’-etliylbcnzothiazolin-2'-ylidcneetliylidcne)  thiazolin-4-one  ethiodide,  1.9  g  of  ethyl  benzoylacetate,  7.5  ml 
of  anhydrous  ethyl  alcohol  and  0.5  g  of  triethylamine  was  boiled  for  30  minutes  in  a  flask  under  reflux.  After 
6  hours  tlie  precipitate,  already  separating  out  during  reaction,  was  filtered  and  washed  with  water  and  alcohol. 
Yield  1.56  g  (65%);  m.  p.  219-22T.  After  two  recrystallizations  from  ethyl  alcohol  (1  g  from  30  ml)  the 
weight  was  1.25  g.  Red  prisms  with  m.  p.  225*. 

Found  %;  N  5.50.  ^27^26^4^2^*  Calculated  %;  N  5.53. 

3-Ethyl-2  -  benzoylcarbe  thoxym  ethylene-  5  -  ( 1  *-ethyldihydroquinol-4  ’-ylidene) 
th ia  zo  li  d i  n -4 -o ne .  A  mixture  of  0.86  g  of  2-methylmercapto-5-(r-ethyldihydroquinol-4'‘-ylidene) 
thiazolin- 4- one  ethyl  perchlorate,  0.77  g  of  ethyl  benzoylacetate,  20  ml  of  anhydrous  ethyl  alcohol  and  0.2  g 
of  triethylamine  was  boiled  for  30  minutes  in  a  flask  under  reflux.  The  resulting  precipitate  was  filtered  and 
washed  with  water  and  alcohol.  Yield  0.64  g  (67.5%);  m.  p.  153-154*.  After  two  recrystallizations  from  ethyl 
alcohol  (1  g  from  33  ml)  the  weight  was  0.55  g.  Red  plates  with  m.  p.  153-154". 

Found  %:  N  6.11.  C27H25O4NJS.  Calculated  %;  N  5.90, 

2-Methyl-5-(3'-ethylbenzothiazolin-2’-ylidene)  thiazolin-4-one  Ethochloride 
and  Ethiodide  [11]  (V;  m  =  0).  A  mixture  of  0.418  g  of  3-ethyl-2-acetylcarbcthoxymethylene  -5- 
(3 •  -ethylbenzo thiazolin- 2’ - yl'dene.>thiazolidin- 4- one  and  3.8  ml  of  25% hydrochloric  acid  was  boiled  for  30 
minutes  in  a  flask  under  reflux.  The  liquid  was  evaporated  in  vacuo  to  dryness,  the  residue  washed  with  a  small 
amount  of  dry  acetone,  dissolved  in  5  ml  of  dry  methanol,  and  the  solution  treated  witfi  absolute  ether.  The 
resulting  precipitate  was  filtered  and  washed  with  absolute  ether.  Weight  0.27  g;  m.  p.  170*.  For  purification 
the  product  was  washed  with  10  ml  of  boiling  anhydrous  benzene.  Yield  0.2  g  (47.8%).  Yellow  needles  with 
m.  p.  200*  (186-188*  [11]). 

A  solution  of  0.8  g  of  the  ethochloride  in  10  ml  of  anhydrous  methanol  was  poured  into  10  ml  of  a  10% 
methanolic  solution  of  sodium  iodide.  The  resulting  precipitate  was  filtered  and  washed  with  anhydrous 
methanol  and  ether.  Yield  0.82  g  (80.6%);  m.  p.  209*.  After  two  recrystallizations  from  anhydrous  methanol 
(1  g  from  70  ml)  die  weight  was  0.57  g.  Yellow  prisms  with  m.  p.  211-212*  (217-220*  [10],  198-199*  [11]). 

Found  %:  N  6.35,  6.39.  CjsHitONzS^I.  Calculated  %:  N  6.48. 

2-Methyl-5-(3*-ethylbenzothiazolin-2'  -ylideneethylidene)-thiazolin-4-one 
Ethiodide  (V;  m  =  1).  A  solution  of  2.38  g  of  3-ethyl-2-benzoylcarbethoxymethylene-5-(3'-ethyl- 
benzothiazolin-2'-ylideneethylidene)  thiazolidin-4-one  in  44  ml  of  25%  hydrochloric  acid  was  boiled  for  30 
minutes  in  a  flask  under  reflux.  The  liquid  was  evaporated  in  vacuo  to  dryness,  the  residue  washed  with 
absolute  ether  and  anhydrous  acetone,  dissolved  in  10  ml  of  anhydrous  methanol,  and  treated  with  10  ml  of  a 
20%  methanol  solution  of  sodium  iodide.  The  resulting  precipitate  was  filtered  and  washed  with  dry  methanol 
and  ether.  Weight  1.57  g;  m.  p.  182".  For  purification  the  product  was  recrystallized  three  times  from 
anhydrous  methanol  (1  g  from  300  ml),  containing  hydriodic  acid.  Yield  1.03  g  (45.8%).  Dark  red  prisms  with 
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in,  p,  193°  (199-201"  [10]).  Readily  soluble  in  water,  more  difficultlysolublc  in  etliyl  alcohol  and  acetone, 
and  practically  insoluble  in  benzene.  A  water  solution  turns  turltid  and  is  decolorized  almost  immediately. 

Its  absorption  maximum  in  ethyl  alcohol  in  die  presence  of  hydrochloric  acid  is  at  308  mp. 

round  %:  N  3.24.  C,7l  I^ONjvSj  I.  Calculated  %:  N  3.11. 

“  etliyl- 3  -  (l’-elliyldihydroquinol-4’-ylidene)thiazolin-4-one  Eth  iodide. 

A  mixture  of  0.47  g  of  3-ethyl- 2-benzoylcarbethoxymethylene-3-(l’-ethyldihydroc|uinol-4’-ylidene) 
thiazolidin-4-one  and  10  ml  of  l()'’/i>  hydrocliloric  acid  was  boiled  for  30  minutes  in  a  flask  under  reflux. 

The  solution  was  evaporated  in  vacuo  to  dryness,  the  residue  washed  with  absolute  ether  and  acetone, 
dissolved  in  4  ml  of  dilute  hydrochloric  acid  (1:10),  and  treated  with  0.2  g  of  potassium  iodide.  After  1  hour 
the  obtained  precipitate  was  filtered  and  washed  with  dilute  hydrochloric  acid.  Yield  0.25  g  (64.8%);  m.  p, 
110*.  After  2  recrystallizations  from  anhydrous  etliyl  alcohol  (1  g  from  13.3  ml),  containing  hydriodic  acid, 
the  weight  was0.16g.  Light-yellow  prisms  witli  m.  p.  116". 

Found  %;  N  6.37.  CnHigONzSl.  Calculated  %:  N  6.37. 

Merocyaninocarbocyanines.  3’he  preparation  conditions,  yields,  melting  points  and  analysis 
results  for  die  merocyaninocarlxjcyanines  are  given  in  Table  5,  where  the  following  designations  were 
adopted  for  die  starting  products:  2-methyl-3-(3’-ediylbenzothiazolin-2’-ylidene)thiazolin-4-one  ediochloride 
(No.  1),  2-mediyl-3-(l’-etiiyldihydroquinol-4’-ylidene)thiazolin-4-one  ediiodide  (No.  2),  2-methyl-5- 
(3'-ethylbenzothiazolin-2*-yiideneediylidene)  tluazolin-4-one  ediiodide  (No.  3),  2-B -acetanillnovinyl- 
benzodiiazole  ediiodide  (No.  4),  2-6 -acetanilinovinyl-benzoxazole  ediiodide  (no.  5),  l,3,3-trimethyl-2- 
forniylmethyleneindoline  (No,  6),  2-8 -acetanilinovinylpyridine  ethiodide  (No.  7),  2-6-methylmercapto- 
vinyl-4,3-diphenylthiazole  ethiodide  (No.  8),  3,3-dimethyl-2-6 -acetanilinovinylindolenine  methiodide 
(No.  9),  2-6-mediylmercaptopropenylbenzothiazole  ediyl  mediyl  sulfate  (No.  10),  2-6 -methylmercapto- 
butenylbenzothiazole  ethyl  p-toluenesulfonate  (No,  11), 

In  all  cases  the  isolated  dyes  after  filtration  were  washed  with  water  and  ethyl  alcohol,  and  then 
recrystallized  to  a  constant  melting  point.  In  some  cases  the  reaction  products  were  first  chromatographed  on 
aluminum  oxide. 

3,3’-Diethyl-4-keto-3-(3”-ethylbenzothiazolin-2’’  -  ylidene)-thiazolinothia- 
cyanine  Bromide  (VI;  m  =  n=0).  a  mixture  of  0,32  g  of  3-ethyl-5-(3*-ethylbenzothiazolin-2'  - 
ylidene)-tliiazolidin-2-thion-4-one  and  0l38  gofdimethyl  sulfate  was  heated  for  15  minutes  at  130*  (inside 
die  mixture).  After  washing  with  absolute  ether  the  residue  was  treated  with  1.05  g  of  2-methylbenzothiazole 
ediyl  p-toluenesulfonate  and  5  ml  of  pyridine  and  the  mixture  was  boiled  for  1  hour  in  a  flask  under  reflux. 
After  cooling  200  ml  of  ether  was  added,  which  was  decanted  the  next  day,  the  residue  was  dissolved  in  25  ml 
of  boiling  etiiyl  alcohol,  and  die  obtciined  solution  was  poured  into  75  ml  of  a  10%  water  solution  of  potassium 
bromide.  The  dye  that  separated  here  was  filtered  and  washed  with  water,  alcohol  and  ether.  Yield  0.47  g 
(86%);  m.  p.  236-238°.  For  purification  die  dye  was  boiled  with  30  ml  of  benzene,  and  then  recrystallized 
twice  from  ethyl  alcohol  (1  g  from  150  ml).  Weight  0.35  g.  Silky  orange  needles  with  m.  p.  239-241*. 

Found  %:  Br  14.49,  14.42.  C24H240N3S3Br.  Calculated  %:  Br  14.62. 

3 , 3  •  -  Di  e  th  y  1  -  4  ' ,  3  ’  -  d  i  ph  en  y  1  -  4  -  ( 3  -  ethylbenzothiazolin-2**-  ylidene) 

thiazolinothiazolocyanine  Iodide.  Obtained  in  die  same  manner  as  die  preceding  dye  by 
heating  a  mixture  of  0.32  g  of  3-ediyl-3-(3*-ethylbenzothiazolin-2’-ylidene)thiazolidin-2-diion-4-one 
with  0.38  g  of  dimethyl  sulfate  and  condensation  of  die  obtained  quaternary  salt  with  0.75  g  of  2-methyl 
-4,5-diplienyldnazole  ediyl  p-toluenesulfonate  in  3  ml  of  pyridine.  Yield  0.65  g  (98.5%),  m,  p.  187-189*. 

After  washing  with  boiling  iienzene  and  2  recrystallizaiions  from  ediyl  alcohol  (1  g  from  130  ml)  die  weight 
was  0,38  g.  Lustrous  orange  plates  with  ni.  p.  187-189*.  Its  absorption  maximum  in  ethyl  alcohol  is  found 
at  330  m  p. 

l■•onnd  %:  I  18.35.  C32H30ON3S3I,  Calculated  %:  I  18.24. 
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The  dye  prior  to  recrysullization  was  purified  by  chromatographing  on  aluminum  oxide. 
'0.05  g  of  triediylamine  was  taken. 
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The  dye  prior  to  cecrystallization  was  purified  by  chromatographing  on  aluminum  oxide. 
>0.3  g  of  triethylamine  was  taken. 


3,3*-Dlethyl-4-keto-5-(3**  -  ethylbenzothlazolin-2’'-ylldene)-thiazoUnothiadl* 
carbocyanine  Iodide  [10]  (VI;  m=0,  n=  2.)  A  niixture  of  0.21  g  of  2-metliyI-5-(3*-ethylbenzo- 
tliiazoiin-2!-yIi(lene)tliiazoUn-4-one  efliiodide,  0.24  g  of  2-  5 -acetanllinobutadlenylbenzothlazole  ethlodlde 
and  2  ml  of  pyridine  was  heated  for  5  minutes  at  130*  in  a  flask  under  reflux.  After  6  hours  the  dye,  already 
separating  from  the  hot  solution,  was  filtered  and  washed  with  water,  alcohol  and  ether.  Weight  0.2  g;  m.  p. 
231*.  For  purification  the  dye  was  fractionally  crystallized  from  ethyl  alcohol,  in  which  connection  the  first 
fractions  contained  a  by-product  with  m.  p.  252*  (the  alcohol  solution  was  colored  blue).  The  subsequent 
fractions  with  m.  p.  214-216*  were  combined  and  again  recrystallized  from  ethyl  alcohol  (1  g  from  1300  ml). 
Here  tlie  melting  point  did  not  change.  Yield  0.07  g  (21. 7*70):  fine  green  needles  with  m.  p.  214-216*  (239-241* 

[10]).  Its  absorption  maximum  in  ethyl  alcohol  was  found  at  720  mp,  and  its  sensitization  maximum  at  757  mp. 

Found  <7o:  N  6.45.  CmHmONjSjI.  Calculated  %:  N  6.50. 

SUMMARY 

1.  A  number  of  chain-unsubstituted  zero-  and  dimethlnemerocyaninocarbocyanine  derivatives  of 
thiazolin-4-one  were  synthesized,  differing  in  the  nature  of  the  terminal  heterocyclic  nitrogen  portions,  and 
also  some  similar  dyes  with  benzothiazole  portions,  containing  alkyl  groups  in  the  7  position. 

2.  It  was  shown  that  in  the  absorption  spectra  of  the  merocyaninocyanines,  in  addition  to  the  principal 
band  in  the  visible  region,  there  is  also  present  a  fairly  intense  band  in  the  shorter  wavelength  portion  of  the 
spectra. 

3.  It  was  esublished  that  a  lengthening  of  the  polymethine  chain  in  the  cyanine  portion,  and  especially 
in  die  merocyanine  portion  of  the  investigated  dyes,  leads  to  a  substantial  decrease  in  the  bathochromic  shift 
of  die  main  absorption  maximum.  This  phenomenon  testifies  to  an  increase  in  the  asymmetry  of  the  dye 
molecules. 

4.  It  was  shown  that  an  increase  in  the  basicity  of  the  heterocyclic  nitrogen  portion  in  the  cyanine 
portion  of  the  merocyaninocarbocyanine  molecules,  the  same  as  was  true  for  the  earlier  studied  rhodacyanines, 
results  in  a  heightened  color  for  the  dyes. 

5.  The  introduction  of  either  a  methyl  or  ethyl  group  in  the  7  position  of  the  zero-  and  dimethine- 
thiamerocyaninocarbocyanines,  the  same  as  was  true  for  the  thiacarbocyanines,  determines  a  hypsochromic 
shift  of  the  absorption  maximum. 
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MEROCYANINE  DYES  OF  RHODANINE  DERIVATIVES 

VII.  THE  REACTION  PRODUCTS  OF  3-ETHYL-5-(3*-ETHYL  - 
6‘-DIETHYLAMINOBENZOTHIAZOLIN-2*-YLIDENEETHYUDENE)- 
THIAZOLIDIN-2-THION-4-ONE  WITH  DIMETHYL  SULFATE 
AND  THEIR  TRANSFORMATIONS 

Z.  P.  Sytnik  and  L.  D.  Zhilina 

As  a  continuation  of  our  studies  of  the  quaternary  salts  of  the  dimethinemerocyanines  of  general 
structure  (I)  [1-2],  we  proposed  to  make  a  study  of  the  properties  of  the  compounds  of  this  type  in  which  polar 
substituents  —  the  nitro  or  diethylamino  group  —  were  present  in  the  6  position  of  the  benzothiazole  portion  (11), 
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Dyes  of  structure  (II)  can  be  obtained  by  heating  merocyanines  (III)  with  excess  dimethyl  sulfate  [1-3]. 
Widi  this  method  the  quaternary  salt  with  a  6-nitrobenzothiazole  part  (II,  A  =  NOj)  was  synthesized  with 
very  little  difficulty.  However  in  the  reaction  of  alkylation  agents,  in  particular  dimethyl  sulfate,  with 
3-ethyl-5-(3’-ethy]-6'-diethylaminobenzothiazolin-2’-ylideneethylidene)thiazolidin-2-thion-4-one 
(III,  A  =  N(C2H5)2),  together  with  the  quaternary  salt  —  the  6-diethylaminobenzothiazole  derivative  (II,  A=N 
(C2H5)j),  the  formation  of  the  isomeric  compound  (IV)  and  of  the  diquaternary  salt  (V)  could  be  expected  as 
the  result  of  one  molecule  of  dimethyl  sulfate  reacting  with  the  diethylamino  group  (see  [4-6]): 
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Wiien  the  above  indicated  inerocyanine  (III,  A  =  N  (02115)2)  was  heated  with  3  moles  of  dimethyl  sulfate 
at  130-135*  we  obtained  a  product  tliat  was  readily  soluble  in  water  and  alcohol  and  Insoluble  in  ether  and 
benzene,  which  we  isolated  as  the  perchlorate.  When  the  perchlorate  was  purified  by  fractional  washing  with 
absolute  ethyl  alcohol  under  heating  it  was  observed  that  tlie  color  of  the  alcohol  solutions  increases,  and  the 
solubility  of  tlie  dye  falls  sharply  in  tliis  connection.  The  residue  showed  an  absorption  maximum  at  539m  fi  • 
(Fig.  1.  Curve  3),  and  based  on  the  chromatographic  study  dau,  represented  an  individual  substance, 
tenaciously  adsorbed  on  the  aluminum  oxide  as  a  narrow  purple  ring. 

In  die  adsorbed  state  tills  compound  is  extremely  unstable  and  rapidly  decomposes  with  the  formation 
of  a  yellow  substance  (absorption  maximum  at  455  mp).  In  contrast  to  the  earlier  described  quaternary 
salts  of  tile  (I)  type,  the  obtained  dye  failed  to  dissolve  in  chloroform.  Its  chemical  analysis  data  agreed 
well  wltii  tiiose  calculated  for  tlie  diquaternary  salt  (V). 

A  more  deeply  colored  dye  was  isolated  from  the  alcohol  extracts  by  the  chromatographic  method, 
forming  a  dark-violet  band  on  the  aluminum  oxide,  situated  below  the  zone  of  the  diquaternary  salt  (V)  and 
easily  separated  from  the  latter.  The  isolated  dye  also  showed  die  character  of  a  quaternary  salt  — readily 
soluble  in  water,  moderately  soluble  in  alcohol  and  chloroform,  and  insoluble  in  benzene  and  ether.  Its 
alcohol  solution  gave  a  broad  absorption  band  with  an  ill-defined  maximum  (at  557  m/i),  characteristic  for 
tlie  polymethinc  dyes  with  an  amino  group  in  die  heterocyclic  portions  [46].  When  an  alcohol  solution  of 
tills  compound  was  acidified  the  absorption  band  shifted  toward  shorter  wavelengths,  and  in  shape  and  the 
position  of  tile  maximum  (538  mp)  it  became  comparable  to  tlie  absorption  curve  for  the  diquarternary  salt 
(V)  (539  mp)  (Fig.  1).  On  the  basis  of  the  described  properties  it  is  evident  that  the  obtained  dye  represents 
a  quaternary  salt  witii  the  6-diethylamino-benzotiiiazole  portion  (II,  A=N(C2H5)2),  which  is  confirmed  by  the 
results  of  its  elementary  analysis.  An  increase  in  the  color  and  a  change  in  the  shape  of  the  absorption  band 
for  this  dye  when  acidified  are  fully  in  order,  since  here  salt  (VI)  is  formed  (see,  for  example  [7,  8]),  in  its 
structure  extremely  close'  to  the  diquarternary  salt  (V): 
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We  obtained  the  quaternary  salt  (II,  A=  N(C2H5)2)  in  good  yield  by  heating  the  merocyanine  (III,  A=N 
(02115)2)  witii  three  moles  of  dimethyl  sulfate  under  milder  conditions  —  in  toluene  solution.  Here  as 
secondary  reaction  products  we  isolated  in  small  amounu  the  diquaternary  salt  (V)  and  an  orange  dye, 
insoluble  in  chloroform,  benzene  and  ether,  and  tenaciously  adsorbed  on  aluminum  oxide,  which  indicated 
its  saltlike  character.  The  absorption  curves  of  tids  compound  and  of  the  acidified  solution  of  the  starting 
merocyanine  (III,  A=N(C2^^5)2)  proved  to  be  Identical  in  shape  and  extremely  close  to  each  other  in  the 
position  of  tiielr  maximum  (Fig.  2,  Curves  2  and  3).  These  properties  and  the  analysis  results  caused  us  to 
assign  the  obtained  dye  the  suucture  of  the  quaternary  ammonium  salt  (IV).  A  direct  confirmation  of  the 
proposed  structure  Is  the  identity  of  the  properties  of  this  compound  and  the  quaternary  salt  (IV),  obtained 
by  the  reaction  of  the  diquarternary  salt  (V)  with  sodium  hydrosulfide  at  room  temperature  (see  [9]). 

As  a  result.  In  the  reaction  of  dimethyl  sulfate  with  3-ethyl-5-(3*-ethyl-6*-diethylaminobenzo- 
tiilazolIn-2*-ylidene)-thiazolldin-2-thlon-4-one,  together  with  methylation  of  the  thiono  sulfur  and  the 
formation  of  a  cationic  center  at  the  nuclear  nitrogen  atom  of  the  rhodanine  part,  there  can  also  occur 
the  addition  of  dimethyl  sulfate  to  the  diethylamino  group.  As  a  result  of  this  a  mixture  of  the  quaternary 
(II,  A  =  N  (02115)2)  and  diquarternary  (V)  salts  Is  mainly  formed,  depending  on  the  reaction  conditions  with  a 
predominance  of  one  of  them.  Here  the  quaternary  ammonium  salt  (IV)  is  obtained  in  very  small  amount  as 

•The  absorption  curves  of  all  of  the  described  dyes  were  measured  in  ethyl  alcohol  using  an  SF“2  spectro" 
photometer.  Anhydrous  ethyl  alcohol  was  used  for  the  (II)  quaternary  salts. 
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an  impurity.  It  is  impossible  to  trutlifully  say  tliat  it  is  the  product  of  the  primary  reaction  of  tlie  above 
indicated  mcrocyaiiiiic  (HI.  A  =  N  (CjUgla)  with  dimethyl  sulfate  at  the  diethylamlno  group.  The  possibility 
for  tlie  formation  of  this  compound  as  tlie  result  of  dealkylating  tlie  diquaternary  salt  (V)  is  not  excluded 
(for  example,  see  [  10]). 

The  formation  of  a  quaternary  salt  at  an  outer  ring  nitrogen  atom  has  been  observed  in  a  number  of  cases 
involving  the  syntliesis  of  tlte  quaternary  salts  of  amino-substituted  heterocyclic  bases  [4-6]. 

In  die  process  of  purifying  die  ammonium  salt  (IV),  obtained  by  the  reaction  of  the  diquaternary  salt 
(V)  with  sodium  hydrosulfide,  we  isolated  a  dye,  which,  in  contrast  to  the  main  reaction  product  (IV),  readily 
dissolved  In  benzene  and  other  nonpolar  solvents  and  was  weakly  adsorbed  on  aluminum  oxide,  i.e.,  it  showed 
the  typical  properties  of  die  nonsaltlike  merocyanines.  This  led  us  to  think  that  in  a  weakly  alkaline  medium 
the  quarternary  salt  (IV)  suffers  partial  dealkylation  with  die  formation  of  a  merocyanine  of  the  (III)  type 
wldi  either  a  diediyl-  or  metliylediylamino  group; 
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Figure  1.  Absorption  curves  of  the  quaternary  salts. 
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Figure  3-  Absorption  curves  of  merocyanine  (IV) 
after  headng  In  pyridine  for  various  periods  of  time. 
1-10  min.,  2-40  min.,  3-70  min., 

4-100  min. 
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Figure  2-  Absorption  curves  of  the  merocyanines. 
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Figure  4  .Absorption  curves  of  merocyanines 
(HI). 
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It  was  natural  to  expect  that  tliis  reaction  could  be  driven  to  completion  by  heating  the  ammonium 
salt  (IV)  with  organic  bases,  for  example,  with  pyridine.  Actually,  under  tliese  conditions  a  dye  is  formed 
in  nearly  quantitative  yields,  in  its  properties  identical  with  the  above  described  reaction  product  (Fig.  3), 

It  remained  obscure  whetlier  the  obtained  merocyanine,  in  accord  with  the  presented  scheme,  contained 
the  diethylamino  or  the  m ethyl ethylamlno  group.  The  latter  seems  more  probable,  since  the  absorption 
maximum  of  the  reaction  product  (555  m/i)  lies  between  the  absorption  maxima  of  the  diethyl-  and  dimethyl- 
amino  derivatives  (557  and  553  m/i  [11],  respectively,  Fig.  4).  Unfortunately,  in  this  case  the  chemical 
analysis  data  cannot  be  enlisted  as  proof  for  the  structure  of  the  obtained  compound  due  to  the  small  differencb 
in  the  molecular  weights  of  the  diethyl-  and  methylethylamino- substituted  merocyanines. 

Further  it  was  shown  that  the  quaternary  salts  of  structure  (E),  as  well  as  the  corresponding  derivatives 
of  the  unsubstituted  benzothiazole  [1,  2]  (II,  A  =  H),  decompose  when  heated  in  water-alcohol  medium  with 
the  evolution  of  methyl  mercaptan  and  the  formation  of  the  merocyanine  derivatives  of  thiazolidin-2,4- 
dione  (VE): 
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Under  similar  conditions  the  decomposition  of  the  diquaternary  salt  (V)  also  proceeds  with  the 
evolution  of  methyl  mercapun.  However  the  substance  formed  here,  similar  to  the  starting  product  and  the 
quaternary  ammonium  salt  (IV),  in  insoluble  in  chloroform  and  is  tenaciously  adsorbed  on  aluminum  oxide. 
The  indicated  properties  and  the  close  similarity  of  the  absorption  curves  of  this  dye  and  the  merocyanine 
(VII,  A  =  N(C2H5)2)  in  acid  solution  (Fig.  5)  indicate  that  under  these  conditions  the  trialkylammonium 
group  remained  untouched.  Proceeding  from  this,  the  hydrolysis  product  of  the  diquaternary  salt  (V)  should  be 
assigned  structure  (VIE). 
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Figure  5*  Absorption  curves  of  the  merocyanines. 
1)  [VII,  A  =  NfCjHj),].  2)  [VII.  A  =  NfCiHj),]  + 

+  250  moles  MCI,  3)  (VIE). 


Figure  6  .Absorption  curves  of  the  quaternary 
sal  t  (V,  X  =  CIO4  after  heating  in  50  alcohol 
for  various  periods  of  time. 

1)  5  min.,  2)  15  min,,  3)  30  min. 
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In  tlie  hydrolysis  of  quaternary  salts  (II)  and  (V)  it  was  observed  tliat  tins  reaction,  depending  on  the 
nature  of  the  heterocylic  parts  in  these  dyes  and  the  solution  concentrations,  proceeds  at  a  variable  rate. 

To  elucidate  the  character  of  tiiis  relationship  we  ran  some  comparative  experiments  on  the  hydrolysis  of 
the  indicated  compounds  and  the  earlier  described  [2]  benzothiazole  derivative  (II,  A  =  H).  For  this  purpose 
1.6  •  10“  M  solutions  of  the  quaternary  salts  in  50%  ethyl  alcohol  were  heated  on  the  boiling  water  badi, 

and  after  definite  time  intervals  the  absorption  spectra  of  samples  of  the  reaction  solution  (0.5  ml),  diluted 
to  20  ml  with  anhydrous  ethyl  alcohol,  were  measured  on  an  SF-2  spectrophotometer.  The  experimental 
results  are  shown  in  Figs.  6-8.  For  the  quaternary  salt  with  the  6-nitrobenzothiazole  portion  (H,  A^NQj)  it 
proved  impossible  to  follow  the  hydrolysis  process  witii  time  due  to  die  extremely  small  solubility  of  the 
hydrolysis  product.  In  this  case  the  total  duration  of  the  reaction  (20  minutes)  was  established  by  the 
disappearance  of  the  starting  quaternary  salt  in  the  reaction  mixture. 

From  the  data  obtained  by  us  it  follows  that  the  fastest  hydrolysis  rate  is  shown  by  the  quaternary 
salts  containing  heterocyclic  parts,  the  basicity  of  which  is  reduced  by  the  introduction  of  electronegative 
substituents  [N02and'’TMCH3( €2115)2].  The  decomposition  of  tiiese  salts  is  nearly  complete  in  20-30  minutes, 
while  in  the  case  of  the  benzotiiiazole  derivative  this  requires  1  hour,and  in  the  case  of  the  6-diethylamlnobenzo- 
thiazole  derivative  —  2.5  hours  (Figs.  7-8).  In  accord  with  this,  a  hydrochloric  acid-containing  alcohol 
solution  of  the  quaternary  salt  (II,  A=N(C2H5)2)  shows  considerably  faster  hydrolysis  than  does  the  neutral 
solution,  which  is  associated  with  the  transition  of  this  compound  when  acidified  with  hydrochloric  acid  to 
the  less  stable  diquaternary  salt  (VI). 

D-10 


Figure  7.  Absorption  curves  of  the  quaternary  Figure  8.  Absorption  curves  of  the  quaternary 

salt  (II,  A  =  H,  X  =  CIO4  after  heating  in  50%  salt  (II,  A=N(C2H5)2,  X=C104  after  heating  in 

alcohol  for  various  periods  of  time.  50%  alcohol  for  various  periods  of  time. 

1-0  min.,  2-30  min.,  3-60  min.  1-0  min.,  2-30  min.,  3-60  min., 

4—90  min.,  5—150  min. 

A  retardation  of  the  hydrolysis  with  increase  in  the  basicity  of  the  heterocyclic  parts  in  the 
quaternary  salts  of  the  merocyanines  studied  by  us  can  be  explained  if  it  is  considered  that  here  the  operating 
reagent  is  the  nucleophilic  hydroxyl  ion.  Consequently,  the  rate  of  this  process  will  be  determined  by  the 
magnitude  of  the  positive  charge,  originating  on  the  carbon  atom  in  the  2  position  of  the  rhodanine  ring  as 
the  result  of  the  removal  of  electrons  from  it  by  the  nitrogen  atom,  bearing  a  positive  charge. 

As  In  the  merocyanine  series  of  rhodanine  derivatives,  the  electron  shift  in  the  polymethine  chromo- 
phore  increases  with  Increase  in  the  basicity  of  the  heterocyclic  part  in  the  quaternary  salts.  As  a  result 
of  this  the  cationic  charge  of  the  nitrogen  atom  is  partially  saturated,  which  should  attract  a  reduction  of 
the  positive  charge  on  the  2  carbon  atom  and  in  that  way  a  retardation  of  the  hydrolysis  reaction.  From  this 
it  follows  that  a  reduction  in  tiie  basicity  of  the  heterocyclic  part  should,  in  reverse,  facilitate  the 
hydrolysis  process,  which  finds  itself  in  complete  accord  with  our  obtained  data. 
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The  absorption  maxima  of  all  of  die  synthesized  dyes  are  presented  in  Tables  1-2.  As  had  already  been 
mentioned  earlier  [1,  12],  the  merocyanines  with  the  3-ethylthiazolidin-2.4-dione  portion  (IX,  B  =  O) 

(Table  I )  are  much  more  highly  colored  than  die  corresponding  3-ethylthiazolidin-2-thion-4-one  derivatives 
(B  =  S)  (Table  1).  In  both  groups  of  merocyanines  a  replacement  of  the  hydrogen  atom  In  the  6  position  of 
the  benzothiazole  part  by  the  diethylamino  group  causes  a  bathochromic  shift  of  the  absorption  maximum 
(J^y  30-33  mp.  Salt- formation  at  die  diethylamino  group  as  the  result  of  the  addition  of  hydrochloric  acid 
[NHfCjHjlj]  or  dimethyl  sulfate  leads  to  a  sharp  Increase  in  the  color.  It  is  Interesting  to 

mention  diat  the  absorption  maxima  of  these  dyes  are  substantially  shifted  toward  shorter  wavelengths 
(by  12-17  mp)  when  compared  with  the  corresponding  unsubstituted  compounds,  whereas  in  the  series  of 
quaternary  salts  (Table  2)  and  thiacarbocyanine  dyes  [7]  the  difference  in  absorption  in  this  case  is  slight 
(2-4  m|i). 
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This  is  apparently  explained  by  the  quite  high  degree  of  asymmetry  shown  by  the  merocyanines  of  this 
series  of  benzodiiazole  derivatives  (a  hypsochromic  shift  of  24.5  m/i  for  die  dye  (IX,  A=H,  B=S)  [13]),  and 
consequently  a  greater  sensitivity  to  various  structural  changes  [14]  when  compared  widi  the  corresponding 
quaternary  salt  (Table  2,  A=H  (a  hypsochromic  shift  of  6  mp  •  •). 

In  the  transition  from  the  merocyanine  derivatives  of  3-ethylrhodanine  to  the  quaternary  salts  of 
structure  (II)  and  (V)  the  absorption  maximum  is  shifted  toward  longer  wavelengths,  in  which  connection  the 
value  of  this  shift  decreases  widi  increase  In  the  basicity  of  the  heterocyclic  parts  and  becomes  equal  to 
zerd  for  die  6-diethylamino-substituted  derivatives  (Table  2). 

It  could  be  expected  that  a  further  increase  in  the  basicity  of  the  heterocyclic  parts  in  the 
quaternary  salts  of  structure  (I)  will  lead  to  a  hypsochromic  shift  of  the  absorption  maximum  of  these 
compounds  when  compared  with  the  starting  merocyanine  derivatives  of  3-ethylrhodanIne. 


•  I,  I.  Levkoev  was  kind  enough  to  furnish  us  widi  the  absorption  maximum  of  this  dye. 

•  •  The  hypsochromic  shift  for  this  salt  was  calculated  in  die  usual  manner,  proceeding  from  the  values  of 
the  absorption  maxima  of  die  corresponding  symmetrical  thiacarbocyanine  (558  mp)  and  die  quaternary  salt 
of  the  oxanine  v/ith  die  2-mediylmercapiodnazolin-4-onc  portions  (52()  m/i). 
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In  conclusion  we  would  like  to  n.cnUon  that  only  the  use  of  the  chromatographic  metliod  In  combination 
widi  the  spectromctric  measurements  made  it  possible  to  sliow  up  a  series  of  secondary  processes  and  establish 
tlie  structure  of  tlic  resulting  products. 
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EXPERIMENTAL* 

I.  Synthesis  of  Dlmethinemerocyanine  Dyes  (III) 

3-Ethyl»5-(3*-ethyl-G*-nltrobenzothiazolln-2*-ylideneethylldene)thiazolldin 
-  2-  thion-4-one  (III,  A  =  NO2).  A  mixture  of  0.76  g  of  2-methyl-6-nitrobenzothiazole  and  0.8  g 
of  ethyl  p-toluenesulfonate  was  heated  for  22  hours  in  an  oil  bath  at  120-125*  To  the  obtained  quaternary 
salt  was  added  1.2  g  of  3-ethyl-5-acetanilinomethylenerhodanine  and  20  ml  of  pyridine,  and  the  mixture  was 
boiled  for  30  minutes.  The  next  day  the  separated  dye  was  filtered  and  washed  with  alcohol.  Yield  0.52  g 
(33%),  m.  p.  328-330*  (with  decomp.).  The  product  was  purified  by  boiling  twice  with  ethyl  alcohol. 

Weight  0.44  g,  m.  p.  329-330*  (with  decomp.).  Lustrous  red-violet  prisms.  Its  absorption  maximum  in 
ethyl  alcohol  lies  at  528  m  fi. 


Found  %;  N  10.87.  CjjHuOjNjSa.  Calculated  %;  N  10.68. 

3  -  E  t  h  y  1  -  5-(3'-ethyl-6*-dlethylaminobenzothiazolin-2’-ylideneethylidene) 
th  ia  zo  1  i  d  i  n  -  2  -  th  ion  -  4 -one  (III,  A  =  N(C2H5)2).  A  mixture  of  4.8  g  of  6-diethylamino-2- 
(B -anilinovinyl)benzorhiazole  etliTodide,  1.6f  g  of  3-ethylrhodanine,  5  ml  of  pyridine,  5  ml  of  acetic 
anhydride  and  1.01  g  (1.4  ml)  of  triethylamine  was  heated  for  1  hour  on  the  water  bath  at  80-85*  (in  the  bath). 
The  separated  dye  was  filtered  and  washed  with  etliyl  alcohol.  Yield  2.9  g  (707fl),  m.  p.  198*  (with  decomp.). 
For  purification  the  product  was  dissolved  in  200  ml  chloroform,  and  the  solution  was  filtered  through  a  layer 
of  aluminum  oxide,  on  which  the  blue  dye  impurity  was  tenaciously  adsorbed.  The  chloroform  was  vacuum- 
distilled,  and  die  residue  was  recrystalllzed  from  ediyl  alcohol  (1  g  from  275  ml).  Weight  2.5  g,  m.  p.  200* 
(with  decomp.).  Lustrous  green  needles,  soluble  in  alcohol,  benzene  and  ether.  Its  absorption  maximum  in 
ethyl  alcohol  lies  at  557  mji;  and  in  acid-containing  alcohol  solution  (250  moles  of  HCl  per  mole  of  dye)  at 
512  wfi  (Fig.  2). 

Found  %:  N  9.80.  CzoMaNjSj.  Calculated  %:  N  10.01. 

The  blue  dye  was  desorbed  from  the  aluminum  oxide  with  chloroform,  containing  5-10%  ethyl  alcohol. 
From  tire  shape  of  the  absorption  curve  and  the  position  of  the  maximum  in  ethyl  alcohol  (618  mp)  this 
compound  is  identical  with  3,3’-dlethyl-6.6’-bisdiethylamlnothiacarbocyanine  iodide. 


•With  the  assistance  of  M.V.  Krylova. 
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_ Synthesis  of  Quaternary  Salts  of  Dimethlnemerocyanines 

c  t  h  y  1  ni  c  r  r  a  p  to  -  S  -  (  3  *  -  e  th  y  1  -  fi  *  -  n  t  tro  be  nz  o  th  i  a  zo  1 1  n  -  2’-ylideneethylidene) 
tlitazoliii-4-oiic  i:iliyT  c  S  »1  fa  te  (II,  A  =N02,  X  =€113804).  A  mixture  of  0?3Fg 

or3-ctiiyl-r)-(3*-et1iyl-r>'-iiitrohcri/,6fliiazoiin-2’-yn(reiieetriyirdHreyfli'Ta'zoiiclin-2-thion-4-one  (III,  A=N02) 

and  0.38  g  of  dimethyl  sulfate  was  heated  for  1  hour  in  an  oil  bath  at  140-145*  (in  tlie  mixture).  The 
quaternary  salt  after  cooling  was  washed  with  absolute  ether  •  with  rubbing  and  purified  by  precipitation 
from  an  alcohol  solution  (GO  ml)  with  etlier  (200  ml).  Yield  0.26  g  (507o),  m.  p.  203-204*  (with  decomp.). 
Dark-red  needles,  soluble  in  water  and  alcohol,  and  Insoluble  in  benzene  and  ether.  Its  absorption  maximum 
in  ethyl  alcohol  lies  at  549  m  fi. 

Pound  N  8.01.  Ci,H2i07N,S4.  Calculated  <7o:  N  8. D9. 

Ethyl  Perchlorate  (II,  A=N02,  X=C104).  The  quaternary  salt,  obtained  the  same  as  the 
preceding  from  0.39  g  of  the  merocyanine  (III,  A=N02)  and  washed  with  ether,  was  dissolved  In  10  ml  of 
metliyl  alcohol,  and  the  solution  was  poured  into  8  ml  of  a  10<5o  alcoholic  solution  of  sodium  perchlorate. 

The  resulting  precipitate  was  filtered  and  washed  with  ethyl  alcohol  and  ether.  Yield  0.28  g  (55%),  m.  p. 

246*  (with  decomp.).  Dark-red  needles,  much  more  difficultly  soluble  in  alcohol  than  the  corresponding 
methyl  sulfate.  Its  absorption  maximum  In  ethyl  alcohol  lies  at  549  mp. 

Found  %:  N  8.15.  CnHuOTNaSjCl.  Calculated  N  8.27. 

2-Methylmercapto-5-(3*-ethyl-6'-diethylamino  benzothiazolin-2'*ylidene- 
ethylidene)thiazolin-4-one  Ethyl  Perchlorate  (II,  A=N(C2H5)2,  X*C104]  1  o,42  g 

of  3-ethyl-5-(3'ethyl-6*-diethylaminoben25othiazolin-2*-ylideneethylIdene)thiazolidin-2-thion-4-one 
(III,  A=N(C2H5)2)  was  dissolved  with  heating  in  10  ml  of  toluene,  then  0.38  g  of  dimethyl  sulfate  was  added, 
and  the  solution  was  boiled  for  40  minutes  in  an  oil  bath.  The  hot  toluene  was  decanted  from  the  tarry 
precipitate  found  on  the  bottom  of  the  flask.  The  latter  was  washed  with  ether,  dissolved  with  slight  warming 
in  7  ml  of  ethyl  alcohol,  and  the  solution  was  poured  Into  4  ml  of  a  20%  alcoholic  solution  of  sodium 
perchlorate.  After  3  hours  the  precipitate  was  filtered  and  washed  with  alcohol  and  ether.  Weight  0.47  g, 
m.  p.  227*  (with  decomp.).  For  purification  the  product  was  dissolved  in  200  ml  of  chloroform,  containing 
3%  ethyl  alcohol,  and  the  solution  was  filtered  through  a  layer  of  aluminum  oxide,  on  which  the  impurities 
were  tenaciously  adsorbed,  forming  two  narrow  colored  zones;  the  upper  one  colored  purple  and  the  other 
directly  adjacent  to  it  with  an  orange  color.  Washing  the  adsorption  column  with  a  mixture  of  chloroform 
and  ethyl  alcohol  (9:1)  removed  traces  of  the  principal  dye,  and  the  orange  layer  showed  a  more  distinct 
separation  from  the  purple  layer.  The  solvent  was  vacuum -distilled,  and  the  residue  Was  washed  with  ethyl 
alcohol  (50  ml)  at  the  boil.  Weight  of  the  washed  dye  0.26  g,  m.  p.  235*  (with  decomp.).  The  addition  of 
200  ml  of  ether  to  the  alcohol  filtrate  gave  an  additional  0.1  g  of  the  dye  with  the  same  melting  point. 

Toul  yield  0.36  g  (67.4%).  Fine  dark-green  needles,  readily  soluble  In  water,  more  difficultly  soluble  in 
alcohol  and  chloroform,  and  insoluble  in  benzene  and  ether.  Its  absorption  maximum  in  ethyl  alcohol  lies  at 
557  m  fi;  and  In  acid-containing  alcohol  solution  (250  moles  of  HCl  per  mole  of  dye)  at  538  m/i  (Fig.  1). 

Found  %;  N  7.80.  CjiHjgOgNjSjCl.  Calculated  %;  N  7.86. 

The  adsorption  column  was  dried  slightly,  and  the  colored  layers  of  aluminum  oxide  were  mechanically 
separated  and  separately  extracted  with  ethyl  alcohol.  The  purple  dye  showed  an  absorption  maximum  at 
539  mji  and  the  orange  dye  at  510  mp.  The  alcohol  extract  of  the  orange  dye  was  evaporated  in  vacuo  to 
dryness,  and  tlie  residue  was  washed  by  boiling  with  3  ml  of  chloroform.  Weight  0.01  g,  m.  p.  224-225  . 


•  Dry  solvents  were  used  In  the  synthesis  of  the  quaternary  salts  described  in  this  section. 


248 


1 

I-roiii  tlie  shape  of  the  t'lirvc  and  the  position  of  tlie  absorption  maximum  it  is  identical  with  dye  (IV)  (see 
below ). 

-  M  c  thy  Im  er  ca  p  to  -  b  -  (3'-e  thy  1  -  6  *  -  m  ethyldiethylammonlumbenzothiazolln- 
^*-y  Hdeneethy  liden  e  )  az  olin-4-onc  Ethyl  D  i  per  ch  lor  a  te  (V.  X  =  C104).  X^^^^xture 
^  0.411  g  of  3-ethyl-r)-(a’.ethyl-r.’-dietliylaminobeirzotliiazolin-2’-)Tideneethylidene)thiazo^iIdin'-2-thion- 

4-one  (111,  A=N(CjM5)2)  and  0.38g  of  dimethyl  sulfate  was  heated  for  15  minutes  at  130*  (in  the  mixture).  The 
obtained  product  was  washed  with  ether,  dissolved  with  short  heating  In  10  ml  of  methyl  alcohol,  and  the 
solution  poured  Into  10  ml  of  a  20*^0  medianol  solution  of  sodlurn  perchlorate.  After  3  hours  the  precipitate 
was  filtered  and  washed  witli  alcohol  and  ether.  Weight  0.53  g,  m.  p.  235"  (with  decomp.).  The  product 
was  purified  from  tlie  Impurity  of  more  soluble  quaternary  salt  (II,  A=N(C2H5)2,  X  =C104)  by  boiling  with 
etliyl  alcohol  (twice  with  40  ml  portions),  and  then  witli  chloroform  until  all  of  the  indicated  impurity  had 
been  removed.  Weight  of  residue  0.24  g,  m.  p.  24r  (with  decomp.).  From  the  alcohol  filtrates  by 
precipitation  with  etlier  (100  ml  portions)  we  isolated  two  precipitates.  After  supplementary  purification  by 
chromatographing  on  aluminum  oxide, the  product  obtained  from  the  first  fraction  (0.09  g,  m.  p.  220")  proved 
to  be  Identical  witli  the  above  described  2-methylmercapto-5-(3’-ethyl-6’-diethylaminobenzothiazolin-2*- 
ylideiieetliylldene)tlilazolin-4-onc  ethyl  perchlorate  (m.p.  235",  absorption  maximum  at  557  mp).  The 
precipitate,  isolated  from  the  second  alcohol  fraction  (0.08  g,  m.  p.  242")  and  being  mainly  the  diquaternary 
salt  (V),  after  Ixiiling  twice  with  chloroform  had  m.  p.  24T,  The  residue  weighed  0.05  g.  Total  yield 
0.29  g  (4.5'7i').  Fine  purple  needles,  soluble  in  alcohol  insoluble  in  chloroform,  benzene  and  ether.  Its 
absorption  maximum  in  ethyl  alcohol  lies  at  539  mp. 

Found  <7o;  C  40.18;  H  5.20;  N  6.64,  6.46;  S  14.67,  14.48.  C22H31O9N3S3CI2.  Calculated  <7o:  C  40.73; 

H  4.82;  N  6.48;  S  14.82. 

3  -  Ethyl-5-(3*-ethyl  -  6*-methyldiethylammoniumbenzothiazolin  -  2’-ylidene- 
ethylidene)thiazolidin-2-thion-4-one  Perchlorate  (IV,  X  =  C104).  To  a  suspension  of 
0.32  g  of  2-metliylmercapto-5-(3'-ethyl-6’-metliyldiethylammoniumbenzothlazolin-2'-ylideneethylidene) 
thiazolin-4-one  ethyl  diperchlorate  (V,  X=C104)  in  20  ml  of  hot  ethyl  alcohol  was  added  1  ml  of  a  21.5<7o 
water  solution  of  sodium  hydrosulfide,  and  the  mixture  was  manually  shaken  for  30  minutes,  after  which  it 
was  let  stand  until  the  next  day.  The  obtained  precipitate  was  filtered  and  washed  with  water  and  alcohol. 

Yield  0.24  g  (907o,  m.  p.  218*  (with  decomp.).  For  purification  from  a  small  amount  of  more  deeply  colored 
dye  (absorption  maximum  in  ethyl  alcohol  at  555  mp)  the  product  was  boiled  with  benzene  (3  times  witfi  30  ml 
portions),  after  which  It  was  recrystallized  from  ethyl  alcohol  (1  g  from  500  ml).  Weight  0.16  g  (60%),  m.  p. 

227  (witli  decomp.).  Dark-red  prisms,  soluble  in  alcohol  and  practically  insoluble  in  chloroform,  benzene 
and  etlier.  Its  absorption  maximum  in  ethyl  alcohol  lies  at  510  m  p. 

Found  %:  N  7.89.  C21H28O5N3S3CI.  Calculated  %:  N  7.86. 

Reaction  of  Pyridine  with  3-Ethvl-5-(3*-ethyl-6*-me  thy  Idle  thylammo  ni  urn  - 
benzothiazolln-2*-ylIdeneetliylidene)thlazolidin  -2-thion-4-o ne  Perchlorate 
fIV,  X=C104).  A  solution  of  0,'o26  g  of  3-etliyl-5-(3Vcthyl-6’-rnethyldiethylammoniumbenzothiazolin- 
5'^-yl{3^eetin^dene)thIazolidIn-2-thion-4-one  perchlorate  in  50  ml  of  dry  pyridine  was  heated  for  2  hours 
In  an  oil  bath  at  125".  Every  half  hour  a  sample  (0.5  ml)  was  removed  from  the  reaction  mixture,  the  pyridine 
vacuum-distilled,  the  residue  dissolved  In  10  ml  of  ethyl  alcohol,  and  the  solution  measured  using  an  SF-2 
spectrophotometer  (Fig.  3).  To  isolate  tlie  reaction  product  the  pyridine  was  vacuum -distilled,  and  the  residue 
was  recrystallized  from  4  ml  of  ethyl  alcohol.  Weight  0,016  g  (75%),  m.  p.  200*.  Its  absorption  maximum  in 
ethyl  alcoliol  lies  at  555  mp. 

III.  Hydrolysis  of  Quaternary  Sal ts  (Il)and  (V)  in  Aqueous  Alcohol  Medium 

3-Ethyl  - 5 -  (3'-ethyl-fi'  - 11  itrobenzo  thiazolin-2*-ylideneethylidene)thiazolidin 

-2,4-dI<^e~(  vil,  A=N02),  Hydrolysis  of  the  Quaternary  Salt  (II,  A=N02.  X  =  C104). 

A"nilitu7r^~0.3  g  of  2-rnethy]tnerca^to"^rf3'’clhyT-G’-nItrobenzotliIazolln-2’-ylideneetiiylidene)thiazolin-4- 

one  ethyl  perchlorate  in  100  ml  of  50%  ethyl  alcohol  was  heated  for  30  minutes  on  the  boiling  water  bath. 
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Soon  alter  tlic  start  of  Uiiling,  even  Ixifore  tlie  original  product  liad  completely  dissolved,  a  fine  dark-brown 
precipitate  l'e}',an  to  deixtslt,  and  die  copious  evolntion  of  inetliyl  mercaptan  was  observed.  After  boiling  for 
20  minutes  tlic  original  intense  purple  color  changed  to  an  orange,  and  tite  chromatograpliing  of  a  sample  of 
the  reaction  mixture  on  alnminnm  oxide  revealed  the  presence  of  only  traces  of  the  original  quaternary  salt. 
The  precipitate  was  filtered  and  waslied  widi  alcohol.  Yield  0.19  g  (84%),  m.  p.  322*  (with  decomp.).  The 
dye  was  purified  by  Ixriling  widt  ethyl  alcohol  (twice  widi  30  ml  portions).  The  residue  weighed  0.17  g,  m.  p. 
323*  (with  dccomp,).  The  melting  point  of  the  dye  did  not  change  after  recrystallization  from  chloroform 
(1  g  from  3000  ntl).  l-ine  brown  prisms,  very  difficultly  soluble  in  alcohol,  benzene  and  ether,  and  somewhat 
more  soluble  in  chloroform.  Its  absorption  maximum  in  ethyl  alcoliol  lies  at  478  mfi. 

l  otind  %;  N  10.93.  Cijl I Calculated  %;  N  11.13. 

3  -  E  t  It  y  1  -  3  -  (  3'-ethyl-6*-methyldlethylammoniumbenzothiazolin-2*-ylidener 
etliylidene)thiazolidin-2,4-dione  Perchlorate  (VIll).  (Hydrolysis  of  the 
Diquaternary  Salt  (V,  X=C104).  A  solution  of  6.G3  g  of  2-mediylmercapto-5-(3'-ethyl-6’-methyl- 
dledtylammoniumbcnzodiTazofin-2’-ylidcTieediylidene)thiazolin-4-one  etiiyl  diperchlorate  in  45  ml  of  50% 
ethyl  alcoliol  was  heated  for  45  minutes  on  tite  boiling  water  badi.  During  the  heating  process  the  original 
intense  purple  color  of  die  solution  changed  to  a  dark-orange.  Tlie  precipitate,  separating  after  cooling,  was 
filtered  and  waslied  with  alcoliol.  Yield  0.37  g  (71.5%),  m.  p.  225*  (with  decomp.).  The  dye  was  purified 
by  recrysiallizing  twice  from  257o  ediyl  alcohol  (1  g  from  150  ml).  Weight  0.3  g,  m.  p.  243*(with  decomp.). 
Light-brown  needles,  readily  soluble  in  alcohol,  more  difficultly  in  water,  and  insoluble  in  chloroform, 
benzene  and  ether.  Its  absorption  maximum  in  ediyl  alcohol  lies  at  456  mp. 

round  %:  N  7.92,  8.02.  CjiHaOjNjSjCl.  Calculated  %:  N  8.11. 

3-Ethyl  - 3 -  (3’-ethyl-6’-diethylamInobenzothiazolln-2'-ylldeneethylidene) 
thiazolidin-2,4-dlone  (VII,  A  =  N(C2H5)2).  (Hydrolysis  of  the  Quaternary  Salt 
^fl,  A=N(C2Tr5)2.  X  =  C104).  A  solution  of  0.53  g  of  2-merhylmercapto-5-(3' “ethyl- G'-dietiiylamino- 
benz6i]riazoirrr-~2'^lidenee^tfiyiidene)thiazolin-4-one  ethyl  perchlorate  in  160  ml  of  50%  ethyl  alcohol  was 
heated  for  2.5  liours  on  die  boiling  water  badi.  During  the  heating  process  the  original  reddish-violet  color 
of  die  solution  gradually  changed  to  a  red.  To  isolate  the  reaction  product  the  solvent  was  vacuum -distilled, 
die  residue  dissolved  in  chloroform,  and  the  solution  filtered  tiirough  a  layer  of  aluminum  oxide,  on  which 
die  original  unreacted  quaternary  salt  was  adsorbed.  The  filtrate  was  vacuum -evaporated,  and  the  residue 
(0.27  g)  was  recrystallizcd  from  507o ediyl  alcohol.  Yield  0.2  g  (50%),  m.  p.  159*  (with  decomp.).  Red 
needles,  readily  soluble  in  alcohol,  benzene  and  ether.  Its  absorption  maximum  in  ethyl  alcohol  lies  at 
502  m  fi;  and  in  acid-containing  alcohol  solution  (250  moles  of  HCl  per  mole  of  dye)  at  455  m/i  (Fig.  5). 

Found  %;  N  10.37,  10.47;  S  15.73.  C20H2SC2N3S2.  Calculated  %:  N  10.41  S  15.64. 

We  wish  to  diank  I.  I.  Levkoev  for  his  continued  valuable  advice. 

SUMMARY 

1.  A  number  of  new  quaternary  salts  of  the  dimediinemerocyanine  derivatives  of  2-methylmercapto- 
thiazolin-4-one  with  die  G-nitro,  6-dietiiylamino-  or  G-methyldiethylammoniumbenzothiazole  portions 
were  syndicsized. 

In  die  reaction  of  dirnediyl  sulfate  with  3-etiiyl-5-(3’-ethyl-6'-dlethylaminobenzothiazolin-2*.ylidene- 
ethylidenc)diiazoIidin*2  -thion-4-onc  it  was  shown  that  mcthylation  can  take  place  at  both  the  thiono  sulfur 
and  the  diethylamino  group. 

2,  The  reactions  of  die  syndicsized  quaternary  salts  were  studied.  It  was  established  that  the  rate  of 
dielr  hydrolysis  In  aqueous  alcohol  medium  decreases  widi  increase  in  the  basicity  of  die  heterocyclic  part 
in  die  compounds. 


Tlie  rcacUon  of  2-nielliylmercapto-5-(3’-ethyl-6’-methyldiethylammoniumbenzothiazolIn-2*-ylidene- 
etliylidcnc)ihiazolin-4-onc  ethyl  diperchlorate  with  sodium  hydrosulfide  gave  the  previously  unknown 
diniethinciiierocyaninc  wltli  a  O-niethyldiethylanimonlumbenzothiazole  portion. 

3.  The  optical  properties  of  tlie  syntltesized  dyes  were  studied.  It  was  shown  that  Introduction  of  a 
nieihyldiethylammonium  group  In  the  6  position  of  the  thladlmethinemerocyanlne  derivatives  of  3-ethyl- 
rhodanine  and  3-etliylthiazolidln-2,4-dlone  causes  a  substantial  shift  of  the  absorption  maximum  toward 
sliorter  wavelengths  when  compared  with  the  corresponding  unsubstituted  dyes. 

A  batliochromic  sliift  of  tlte  absorption  maximum  is  observed  in  the  transition  of  the  merocyanine 
derivatives  of  3-ethylrhodanlne  to  the  quaternary  salts,  the  magnitude  of  which  decreases  with  increase  in 
the  basicity  of  the  heterocyclic  parts  in  the  Investigated  dyes. 
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THE  ADDITIVE  CAPACITY  OF  A  DOUBLE  BOND  AT  A  TERTIARY  CARBON 
REACnON  OF  CHLORINE  WITH  1,3-DIENES 


D.  Tishchenko,  A.  Abramova  and  E.  Yarzhemskaya 


The  addition  reactions  of  the  1,3-dienes  have  been  studied  In  some  detail.  All  of  the  investigators 
have  attempted  to  esublisli  whetiier  tlie  given  addition  reaction  is  in  the  1,4  position  (Thiele’s  rule),  the 
1,2  position,  or  the  3,4  position  (exception  to  the  Thiele  rule).  It  is  exactly  from  this  viewpoint  that  these 
transformations  of  the  1,3-dienes  have  been  examined  in  tlie  latest  edition  of  W  Huckel's  book  [1].  The 
possibility  of  some  otlier  mechanism  for  tlie  reaction,  for  example,  of  halogens  with  1,3-dienes  is  not  even 
considered,  despite  a  number  of  experimentally  established  facts.  The  evolution  of  hydrogen  halide  has 
repeatedly  been  observed  in  this  reaction.  In  some  cases  the  investigators  limit  themselves  to  a  quantitative 
determination  of  the  hydrogen  halide  and  to  establishing  the  relationship  between  its  amount  and  the 
structure  of  tlie  1,3-diene  being  halogenated  [2],  in  other  cases  this  "irregular"  phenomenon  is  simply  ignored 
and  the  isolated,  but  not  postulated,  reaction  products  [3]  are  not  studied,  while  in  still  other  cases,  having 
isolated  a  halide  with  tlie  same  degree  of  unsaturation  as  the  starting  1,3-diene,  an  attempt  is  made  to 
justify  the  classic  addition  scheme  by  postulating  the  decomposition  of  the  initially  formed  dihalide  with 
the  liberation  of  hydrogen  halide  [4]. 

The  liberation  of  hydrogen  halide  In  die  halogenation  of  1,3-dienes  was  observed  only  when 
disturbances,  either  central  or  terminal,  were  present  in  a  conjugated  system  of  double  bonds,  i.e.,  when 
even  a  single  tertiary  carbon  atom  was  present  at  a  double  bond.  Consequently,  it  could  be  thought  tiiat 
this  reacdon  Is  a  particular  case  of  the  M  D.  Lvov  reaction,  studied  in  deuil  by  one  us  in  the  series  of 
ethylene  derivatives  and  terpenes  f5].  In  this  reaction  an  ethylene  derivative  gives  with  chlorine  mainly  a 
monochloride  of  the  allyl  type  widi  a  shifted  double  bond  ("anomalous"  reaction)  and  a  lesser  amount  of  me 
saturated  dichloride  ("  classical"  reaction).  Tlie  mechanism  proposed  by  us  for  the  Lvov  reaction  is  generally 
accepted  [6]. 

By  chlorinating  isoprene,  Jones  and  Williams  [4]  obtained  die  monochloride  C5H7CI  with  b.  p.  107* , 
establislied  the  presence  of  a  system  of  conjugated  double  bonds  in  it  by  its  condensation  wim  a-naphmo- 
quinone  and  by  preparing  the  sulfone,  and  postulated,  but  did  not  prove,  that  structurally  it  was  1-chloro- 
2-mediyl- 1,3-butadiene  (I).  One  of  us  had  obtained  this  chloroisoprene  earlier  and  had  proved  its  structure  [7], 
Its  boiling  point  is  7*  lower  (100®)  than  die  chloroisoprene  obtained  by  the  English  authors,  and  in  our 
opinion,  the  latter  is  2-chlorometliyl-l, 3-butadiene  (II  ),  formed  from  isoprene  by  the  Lvov  reaction; 
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Tlie  experimental  verification  of  our  postulation  revealed  its  validity:  die  isoprene  monocliloride 
contains  siiponiflable  chlorine  and  when  oxidized  witli  potassium  permanganate  it  gives  chloroacetic  acid, 
wliich  is  possible  only  for  structure  (II).  Chloride  (II)  can  be  assumed  to  be  tlie  product  obtained  by  the 
replacement  of  a  hydrogen  in  tlie  metliyl  group  of  isoprene  by  chlorine  (*  substitution  scheme  ’  of  the 
American  chemists),  similar  to  tlie  formation  of  isobutcnyl  chloride  from  isobutylene,  although  this  scheme 
has  already  been  refuted  for  isobutylene  |G],  To  check  the  applicability  of  the  Lvov  reaction  to  other 
l,M-dicncs  with  a  tertiary  carlx)n  atom  we  studied  tlie  reaction  of  chlorine,  under  the  conditions  described 
by  us  earlier  fb],  with  still  tliree  other  hydrocarlions:  2,3-dimethyl- 1,3-butadiene,  2,4-dlmethyl-l,3- 
peiitadicne  and  2,5-dimethyl-2,'1-hexadienc.  The  specific  proportion  of  the  Lvov  reaction  (monochloride 
+  HCl),  based  on  tlie  evolved  hydrogen  chloride,  ranged  from  55  to  73%.  Consequently,  the  Lvov  reaction 
was  tlie  main  reaction,  and  addition  in  the  1,4,  1,2  and  3,4  positions  was  subordinate.  In  this  way  we 
established  for  the  1,3-dienes  a  new  exception  to  the  Thiele  rule  and  showed  that  double  bonds  can  react 
separately  when  citlier  tlie  central  or  terminal  alkyls  are  disturbed. 

A  study  of  tlie  structure  of  the  obtained  chlorodienes,  being  chlorides  of  the  allyl  type  (it  was  shown 
in  all  cases  that  tlieir  chlorine  atom  is  easily  hydrolyzed),  presented  certain  difficulties  due  to  allylic  re¬ 
arrangements.  In  two  cases  the  monochloride  was  a  mixture  of  allylic  isomers,  which  was  established  by 
ozonolysis. 

The  chlorination  of  2,3-dimetliyl-l,3-butadIene  gave  2-chloromethyl-3-methyl-l,3-butadlene  and 

2.3- dimethyl-l,4-dichloro-2-butene.  Ozonolysis  and  subsequent  oxidation  of  the  monochloride  gave  acetic 
and  chloroacetic  acids,  and  ozonolysis  of  tlie  dichloride  gave  chloroacetone,  which  was  sufficient  to  confirm 
tlie  indicated  structure.  Allylic  rearrangement  of  the  monochloride  fails  to  change  its  structure,  the  same 
as  is  true  for  the  monochloride  of  isoprene  (II). 

In  accord  with  tlie  earlier  developed  tlieories  [5],  in  tlie  chlorination  of  2,4-dimethyl- 1,3-pentadiene 
the  3.4  bond,  as  being  the  most  highly  branched,  should  show  preferential  reaction,  with  the  formation  of 

2.4- dimetliyl-3-chloro-l,4-pentadiene  (HI).  The  latter  can  isomerize  to  2-methyl-4-chloromethyl-l,3- 
peniadietie  (IV).  The  ozonization  of  (III)  gives  formaldehyde,  formic  acid  and  3-chloro-2,4-pentanedione, 
while  tlie  ozonization  of  (IV)  gives  formaldehyde,  formic  acid,  chloroacetone  and  methylgyloxal.  Actually, 
in  tlie  water-insoluble  ozonolysis  products  we  found  chloroacetone  and  a  substance,  in  its  elementary 
composition  closely  resembling  a  chloropentadione,  and  giving  acetic,  acid  when  oxidized.  In  the  water- 
soluble  products  we  found  formaldehyde,  formic  acid  and  chloride  ion.  We  were  unable  to  isolate  methyl- 
glyoxal  and  pyrotartaric  acid,  but  indirectly  tlieir  presence  was  shown  with  great  probability:  after 
exhaustive  extraction  widi  ether  and  decomposition  with  water,  only  formic  acid  was  found  in  the  alkaline 
aqueous  layer  of  the  ozonolysis  products  prior  to  oxidation,  while  after  oxidation  with  potassium  permanganate 
at  100*  to  a  permanent  pink  color  only  acetic  acid  was  found.  The  latter  could  have  also  been  formed  as  the 
result  of  oxidizing  any  chloropcntanedione  not  extracted  by  the  ether.  The  fact  that  the  chloropentanedione  and 
chloroacetone  were  obtained  in  the  ozonolysis  proves  tlie  presence  of  chlorides  (III)  and  (IV).  Since  the  isomeri¬ 
zation  of  chloride  (IV)  (primary,  conjugated)  to  chloride  (III)  (secondary,  not  conjugated)  is  not  very  probable, 
it  must  lie  assumed  that  (III)  is  the  primary  chlorination  product  of  2,4-dimethyl- 1,3-pentadiene,  which  proves 
tlie  presence  of  the  "anomalous"  Lvov  reaction  in  the  given  instance. 

The  chlorination  of  2,5-dimetliyl-2,4-hexadiene  was  somewhat  peculiar:  instead  of  the  monochloride, 
tlic  diene  dichloride  was  obtained,  proving  to  be  a  mixture  of  2,5-dimethyl-3,4-dichloro-l,5-hexadiene 
(V,  primary  product),  2,5-dimethyl-3,G-dichloro-1.4-hexadiene  (VI,  single  allylic  rearrangement)  and 

2.5- diinetliyl-l,G-dichloro-2.4-hexadiene  (VII,  double  allylic  rearrangement).  The  formation  in  this  case  of 
specifically  tlie  diene  dicliloride,  and  not  tlie  monocliloride,  is  fully  explained  witli  our  theory  [5].  If  one 

of  die  equivalent  double  bonds  reacts  in  an  “  anomalous  "  manner  witli  chlorine,  tlien  In  the  diene  monochloride 
tlie  negative  inductive  effect  of  the  chlorine  atom  will  polarize  the  remaining  double  bond  in  tlie  "  necessary 
direction  and  will  depolarize  tlie  again  formed  (A);  at  the  same  time  the  remaining  double  bond,  being 
subjected  to  the  concordant  action  of  two  metliyl  groups  and  a  chlorine  atom,  should  be  more  reactive  than 
tlie  double  bonds  of  the  original  hydrocarbon,  which  leads  to  a  predominant  formation  of  the  diene  dichlorlde. 

In  tliree  of  the  above  examined  cases  the  chlorine  atom  depolarizes  the  double  bonds  of  the  monochlorides, 
and  tlicy  arc  retained. 
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The  ozonolysls  of  (V),  (VI)  and  (VII)  should  give  3,4-dlchloro-2,5-hexanedione,  chlorobutanonal, 
glyoxal,  chloToacetone,  formaldehyde  and  formic  acid. 
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Actually,  all  of  these  products  were  obtained.  Since  a  2-fold 
allylic  rearrangement  of  the  conjugated  diprimary  dichloride  (VII)  into 
the  disecondary  not  conjugated  dlchlorlde  (V)  is  Improbable,  then  it  must 
be  assumed  that  (V)  is  the  primary  reaction  product,  which  again  supports 
the  validity  of  our  mechanism  for  the  chlorination  of  derivatives  with  a 
tertiary  carbon  atom  at  a  double  bond  and  refutes  the  *  substitution  ” 
chlorination  of  the  American  school. 

These  data  again  needlessly  show  to  what  extent  an  attempt  to 
explain  facts  with  the  generally  accepted  theories  without  experimental 
verification  of  the  offered  explanations  is  incompatible  with  a  knowledge 
of  the  truth;  Jones  and  Williams  believed  that  Isoprene  can  add  chlorine 
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only  in  tlie  1.2  or  1,4  posiuons,  and  consequently  they  assumed  the  monochloride  obtained  by  them  to  be 
l-chloro-2-metliyI-l,n-hiit.idicnc,  tlie  product  of  hydrogen  chloride  cleavage  from  l,2-dlchloro-2-methyl- 
3-butene.  In  chlorinating  2.:i-dimcthyl-l. 3-butadiene,  R.  Ya.  Levina  and  co-workers  f3]  isolated  a  fraction 
that  lioiled  l>elow  tlic  dichloride,  and  left  It  unstudied,  apparently  assuming  Its  formation  to  be  somewhat 
accidental.  As  a  matter  of  fact,  as  shown  by  us,  in  the  case  of  disturbed  aliphatic  1,3-dIenes  the  Lvov 
reaction  is  tlie  main  reaction,  and  the  reactions  for  addition  In  tlie  1,2,  or  3,4,  or  1,4  positions  are  subordinate. 

EXPERIMENTAL 

C h  1  o r  1  n a  tlon  of  Isoprene  (  done  by  E.  Ya.  Yarzhemskaya),  The  isoprene  was  obtained  by  the 
dehydration  of  dlmetliylvlnyTcarbfnol  over  magnesium  sulfat^at  230^^^  .  B.  p.  33.8-34.8*,  d^  0.679. 

The  chlorination  conditions  have  been  described  earlier  [3].  After  distilling  off  tlie  isoprene  the  chlorides 
were  distilled  through  a  column  wltli  an  efficiency  of  about  10  theoretical  plates,  and  the  fraction  with 
b.  p.  38-40*  at  70  mm  was  Isolated. 

d^  0.955.  n“  1.4G51. 

Found  Cl  34.7,  34.6.  C5H1CI.  Calculated  Cl  34.6. 

The  monochloride  condenses  witli  maleic  anhydride  in  boiling  benzene  with  the  evolution  of  hydrogen 
chloride.  The  condensation  product  is  almost  devoid  of  chlorine  (O.G^o),  and  melts  in  an  open  capillary  with 
darkening  and  the  sublimation  of  white  crystals  at  270-280*  .  The  product  was  found  to  have  an  acid 
equivalent  of  61.9;  for  tlie  dianhydride  of  the  tetracarboxylic  acid  CyH^O^  the  calculated  equivalent  is  58. 
Hydrogen  chloride  was  split  off  during  tlie  condensation,  and  a  second  molecule  of  maleic  anhydride  added 
to  tlie  new  system  of  conjugated  double  bonds.  After  heating  a  weighed  sample  of  the  monochloride  witli  a 
solution  of  potassium  acetate  in  acetic  acid  for  30  hours  on  the  water  bath  we  obtained  42*700!  the  calculated 
amount  of  potassium  chloride,  and  after  boiling  die  monochloride  witli  alcoholic  potassium  hydroxide 
solution  for  10  hours  we  obtained  83*70  KCl;  consequently,  the  chlorine  is  not  located  at  a  double  bond 
(structure  II). 

Oxl  da  tion,  Widi  stirring  and  water  cooling  3  g  of  the  monochloride  was  oxidized  with  a  solution 
of  26.5  g  of  potassium  permanganate.  The  excess  oxidizing  agent  was  decomposed  with  hydrogen  peroxide. 
The  filtrate  was  separated  from  tlie  manganese  dioxide  by  sue  tion- filtration,  evaporated  to  40  ml, 
acidified  witli  hydrochloric  acid  to  Congo,  and  repeatedly  extracted  with  etlier.  The  ether  was  removed 
from  tlie  extracts,  and  tlie  residue  was  distilled  at  10  mm.  The  distillate  crystallized  (2.1  g). 

Found  *7,:  Cl  37.3,  37.3;  equiv.  94.7,  94.5.  CHjClCOOH.  Calculated  *7o:  Cl  37.5;  equiv.  94.5. 

The  chloride  of  composition  CeH|Cl2  was  not  investigated,  since  its  structure  had  been  reliably 
established  earlier  [4]. 

Chlorination  of  2,3-Dimethyl  - 1,3-butadiene  (done  by  A.  F.  Abramova).  The 
hydrocarbon  was  obtained  by  tlie  dehydration  of  tlie  pinacol  [8].  The  fraction  with  b.  p,  70-71*  was  taken; 
its  constants  agreed  witli  tlie  literature  data.  The  specific  proportion  of  the  "  anomalous  *  reaction  was  60<7q. 
Distillation  of  tlie  reaction  product  gave  two  fractions,  boiling  witliin  narrow  limits:  a)  54-55*  at  40  mm, 
and  b)  85-86*  at  20  mm. 

Fraction  "  a  •  •  d“  0.956,  n*f)  1.4729,  MRd  34.16;  Calc,  33.84. 

Found  '7-:  Cl  29.9,  29.9.  Cgll^Cl.  Calculated  Cl  30.5. 

The  heating  of  a  weighed  sample  of  tlie  monochloride  for  16  hours  on  tlie  water  bath  witli  a  solution 
of  potassium  acetate  in  acetic  acid  gave  67*70  0!  tlie  calculated  amount  of  potassium  chloride.  Consequently, 
tlie  chlorine  is  not  found  at  a  double  bond,  i.e.,  tlie  monocliloride  should  be  2-chlorometliyl-3-metliy-l,3- 
butadieiie,  which  was  confirmed  by  ozonization  and  subsequent  oxidation  of  tlie  ozonolysis  products  to  tlie 
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Acidi  with  potassium  permanganate.  Here  we  obuiined  carbonic  acid,  acetic  acid  Ag  in  the  salt  64.4, 

64.6)  and  chloroacetic  acid  (crystals  witli  in.  p.  68-61*;  equiv.  96.7;  %  Cl  37.3). 

i  faction  •  b  *  crystallized,  and  after  pressing  on  paper  tlie  crystals  had  m.  p.  36-37*  [3].  Their 
ozonolysls  gave  only  chloroacetone;  consequently,  they  are  2,3-dimetliyl-l,4-dichloro-2-butene. 

Chlorination  of  2.4-Dim  ethyl- 1, 3-pen  ta  diene.  The  directions  of  R.  Ya.  Uvina  and 
co-workers [9] were  useTto  obtain  the  hydrocarbon,  b.  p.  94.6^-96",  d*4  0.740,  n^  1.4454.  The  specific 
proportion  of  the  *  anomalous  "  reaction  was  73%.  Distillation  of  the  reaction  product  gave,  besides  starting 
hydrocarbon,  only  one  constant  boiling  fraction  with  b.  p.  2T  at  4  mni.,  in  composition  corresponding  to  the 
monochloride  (a).  It  was  obtained  in  a  yield  of  48  g  from  101  g  of  reacted  hydrocarbon.  The  higher 
boiling  fraction  distilled  at  around  45*  at  0.5  mm;  from  its  chlorine  content  (32-33%)  it  corresponded  to  a 
mixture  of  the  monochloride  and  dichloride  (monochloride  27%,  dichloride  45%).  A  second  distillation 
through  a  column  with  an  efficiency  of  8-10  tlieoretical  plates  at  a  15-20  reflux  ratio  failed  ^to  effect 
separation.  Apparently,  the  monochloride  and  dichloride,  in  the  given  weight  ratio,  give  a  constant  boiling 
mixture,  i-rom  the  high-boiling  residue  we  isolated  12  g  of  substance,  in  its  composition  approximating 
the  trichloride:  %  Cl  50.8,  for  C^IInClj,  52.3, 

Fraction  ^  a  *  .  B.  p.  27  and  4  mm,  d^  0.940,  n^  1.4785,  MRp  39,32;  calc.  38.46. 

Found  %:  Cl  27.4,  27.0.  C7H11CI.  Calculated  %:  Cl  27.  2. 

The  oxidation  of  the  monochloride  with  excess  potassium  permanganate,  as  was  to  be  expected  for 
chlorides  (Ill)  and  (IV),  gave  only  acetic  acid  and  carbonic  acid. 

The  ozonolysls  of  tlie  monochloride  was  run  in  chloroform  solution,  after  which  the  solution  was 
idrred  with  cold  water  and  a  small  amount  of  manganese  dioxide  (to  decompose  the  HiO^)  until  all  of  the 
peroxide  was  destroyed,  which  required  24  hours.  The  chloroform  layer  was  separated  from  the  water  layer. 

Formaldehyde  was  qualitatively  shown  to  be  present  in  the  water  layer;  the  total  acidity  of  the  water  layer 
was  1.76  g-equiv.,  calculated  on  the  basis  of  the  ozonized  monochloride;  of  this  acidity  0.33  g-equiv.  went 
to  hydrochloric  acid,  0.80  g-equiv.  to  formic  acid  (determined  by  the  Scala  method),  and  0.63  g-equiv. 
to  some  acid  otlier  than  acetic,  since  tlie  steam-distillation  of  a  portion  of  the  water  layer  gave  only  formic 
acid  in  tlie  distillate.  p-Nitrophenylhydrazlne  gave  a  red  precipitate  with  a  portion  of  the  water  layer,  but 
its  recrystallization  from  various  solvents  failed  to  give  any  crystals  with  a  sharp  melting  point;  consequently, 
the  possible  presence  of  pyrotartaric  acid  had  to  be  established  indirectly;  a  portion  of  the  water  layer  was 
neutralized  and  extracted  16  times  with  an  equal  volume  of  etlier,  after  which  the  water  layer  was  oxidized 
with  excess  permanganate  solution  at  90*.  Only  carbonic  acid  and  acetic  acid,  isolated  as  the  silver  salts, 
were  found  in  tlie  oxidized  solution. 

The  chloroform  was  removed  from  the  chloroform  layer  by  distillation  through  a  column,  while  the 
residue  was  distilled  on  the  water  bath  at  12  mm  to  give  only  one  fraction  (0.3  mole)  with  b.  p. 

26-27,  d”  1.178. 

Found  %:  Cl  37.1.  CjlIgOCl.  Calculated  %:  Cl  38.4. 

This  fraction  was  a  liquid  with  a  sharp,  lachrymatory  odor.  A  semicarbazone  was  prepared  from  it, 
which  after  recrystalllzatlon  from  alcohol-benzene  mixture  had  m.  p.  170*. 

Found  %;  Cl  23.7,  24.1.  C4H,ONjCl.  Calculated  %:  Cl  23.7. 

Tlie  substance  is  chloroacetone.  Decomposition  with  the  evolution  of  gases  was  observed  when  an 
attempt  was  made  to  vacuum-distlll  a  portion  of  tlie  residue  obtained  from  tlie  distillation  of  the  chloro- 
acetone.  The  residue  gave  a  sharp  reaction  for  peroxide  with  potassium  iodide.  The  residue  was  analyzed 
without  being  distilled^ 

Found  %:  C  38.4,  38.4;  H  4.9;  Cl  27.7,  27.9.  Calculated  %:  C  44.6;  H  5.2;  Cl  26.4. 
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The  oxidation  ol  a  |X)riioii  of  tlie  residue  with  excess  permanganate  gave  only  acetic  acid,  approximately 
2  moles  per  mole  of  tlic  cliloropcntanedione.  It  is  extremely  probable  tliat  the  residue  was  mainly  the 
3-chloro-2,4-pcntanedionc  and  its  peroxide. 

t^hj^r  i  n  a  t  oj^  1  ^  ^  thyl-2,4-hexadiene.  Tlie  hydrocarbon  was  obtained  by  the 

Kucherov  method  [10],  invofving  tlie  reactionTof  magnesium  witiTfsobutenyl  chloride  and  isomerization  of 
the  resulting  2,f)-dlniethyl-l,5-hexadiene.  M,  p.  13*,  d“  0.763,  n*^  1.4752. 

The  chlorination  was  run  in  chloroform  solution.  The  specific  proportion  of  the  "  anomalous  "  reaction 
was  557..  We  took  122  g  of  the  Iiydrocarboii;  after  distilling  off  tlie  excess  hydrocarbon  at  12  mm  through  a 
column  of  8-10  theoretical  plates  the  pressure  was  reduced  to  0.5  mm;  42  g  of  a  fraction  with  b.  p.  40-42* 
was  obtained: 

d“  1.042,  n”  1.4757,  MRp  48.43;  calc.  47,94. 

Found  Cl  39.1,  39. G.  CjHjjClj.  Calculated  <70:  Cl  39.6. 

The  ozonization  of  14  g  of  the  dichloride  was  run  in  chloroform  solution;  the  solution  was  stirred  with 
ice  water  for  24  hours.  The  qualitative  test  for  formaldehyde  was  positive.  The  chloroform  and  water 
layers  were  separated.  The  chloroform  was  removed  from  the  first  layer  by  distillation  through  a  column  at 
42  mm,  while  tlie  residue  was  distilled  through  a  Vigreaux  column  to  give;  a)  b.  p.  29  —  32*  and  18  mm, 

2.5g;  b)  48  —52*  and  2  mm,  4.5g;  b)  96  -99*  and  1  mm,  3.2g. 

Fraction  ■  a  "  was  a  lachrymatory  liquid,  d®  1.19,  Cl  42.2,  b.  p,  at  760  mm  110  —  119®,  and 
represented  chloroacetone  with  chloroform  as  impurity.  The  semicarbazone  was  prepared,  containing  24.6*70 
Cl,  while  calculated  Cl  for  C4H1ON3CI  is  23.1% 

Fraction  "  b  "  ;  d“  1.181,  n“  1.448  2. 

4  U 

Found  %  C  37.9,  38,1;  H  6.7,  6.4;  Cl  36.7,  36.3.  CeHgOjClj  (dichloro  diketone). 

Calculated  %:  C  39.3;  H  4.4;  Cl  38.8. 

The  last  fraction  was  possibly  a  mixture  of  76%  of  the  dichloro  diketone  and  25%  of  die  ketochloro- 
aldehyde.  The  oxidation  of  1.75  g  of  the  fraction  wldi  cold  3%  hydrogen  peroxide  was  run  in  the  presence 
of  sodium  bicarbonate  with  ice-cooling  and  stirring  for  24  hours.  The  excess  peroxide  was  decomposed  with 
platinum  black,  the  Pt  black  was  filtered,  and  die  solution  was  extracted  with  ether.  The  ether  was  removed 
from  the  extract,  die  residue  was  crystallized,  and  die  crystals  were  found  to  contain  39.1  and  39,2  %  Cl, 
while  for  Ct1{|CI202  the  calculated  %  Cl  is  38.8.  The  solution  of  salts  was  acidified  with  hydrochloric  acid 
and  extracted  wldi  ether,  then  the  ether  was  removed  from  the  extract,  and  the  residue  was  dried  over  sulfuric 
acid. 

Found;  equiv.  119;  %  Cl  22.7.  C^llgOjCl  (chloroketo  acid).  Calculated  ;  equiv.  136;  %  Cl  26.0. 

Half  of  fraction  "  c  *  crystallized,  and  die  crystals  were  separated.  The  crystals  had  %  Cl  40.5  and 
40.4,  while  for  CjlljOjCli  die  calculated  %  Cl  is  38.8.  Oxidation  of  die  crystals  with  excess  permanganate 
gave  only  acetic  acid  and  carbonic  acid. 

Formic  acid  (0.29  equiv.  per  mole  of  the  dichloride;  determined  by  die  Scala  method)  and  glyoxal 
were  found  in  die  water  layer  of  die  ozonolysis  products.  To  determine  the  glyoxal  a  portion  of  the  water 

solution  was  oxidized  wldi  alkaline  permanganate  solution,  after  which  the  filtered  solution  was  acidified 
with  acetic  acid  and  precipitated  with  calcium  chloride  solution.  The  washed  precipitate  of  calcium  oxalate 
was  dissolved  in  dilute  sulfuric  acid  and  titrated  with  permanganate  solution.  The  amount  of  glyoxal  found 
was  0.25  g. 
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SUMMARY 


1 .  The  reaction  of  clilorine  with  four  conjugated  dienes  showing  central  and  terminal  disturbances 
of  tlie  conjugation  was  studied  under  conditions  tliat  assured  obtaining  the  primary  reaction  products. 

2.  It  was  shown  tl»at  in  all  of  tlie  investigated  cases  the  main  reaction  is  the  "  anomalous  •  Lvov 
reaction,  while  addition  in  tlie  1,4,  1,2  or  3,4  positions  is  subordinate. 

3.  The  mechanism  of  die  Lvov  reaction,  proposed  by  us  earlier,  is  also  applicable  here. 

4.  A  new  exception  to  the  Thiele  rule  was  revealed,  and  it  was  shown  that  in  some  cases  the  individual¬ 
ity  of  a  double  bond  is  not  suppressed  by  conjugation. 
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STERIC  HINDRANCE  AND  REACTIVITY 
VI.  KINETICS  rOR  THE  ACYLATION  OR  2-AMINOFLUORENE 
AND  2-AMINO-7-NITROFLUORENE 

L.  M.  Litvinenko  and  A.  P.  Grekov 


For  the  purpose  of  cstablisliing  an  interrelationship  between  spatial  configuration  and  reactivity  in  a 
number  of  binuclcar  aromatic  aminonltro  derivatives,  we  have  made  in  the  course  of  the  last  two  years  a 
comparative  study  of  the  reaction  kinetics  for  the  acylation  of  4-aminobiphenyl  (I)  and  4-amino-4'-nitro- 
biphenyl  (II),  on  tlie  one  hand,  and  of  the  derivatives  of  these  amines,  containing  various  substituents  in 
the  2,2*-positions  (III  and  IV),  on  the  other  [1-4],  It  was  shown  tliat  an  increase  in  the  angle  between  the 
planes  of  the  benzene  rings  in  tlie  transition  from  4-amino-4’-nitrobiphenyl  to  its  2,2* -derivative,  conditioned 
by  steric  hindrance  between  tlie  2,2'-substituents,  leads  to  substantial  reduction  in  the  reactivity  of  the 
NOj-  and  NHj-groups  found  in  the  4, 4* -positions  of  the  indicated  compounds: 


-NH.,  o.,N-; 


(I) 


(II) 


-NH., 


R  R 
(III) 


-NH.,  0.,N-<^  ^-NH, 

I  I 

R  R 

(IV) 


It  seemed  of  considerable  Interest  to  study  die  problem  of  the  manner  in  which  the  reactivity  of  the 
N'02”  and  NH2-groups  would  be  manifested  dirougli  die  biphenyl  system  if  in  some  way  the  molecular 
geometric  configuration  of  die  biphenyl  derivatives  could  be  changed  in  such  a  manner  that  the  angle 
between  die  planes  of  tlie  benzene  rings  in  these  molecules,  in  contrast  to  the  above  mentioned  examples, 
would  not  increase,  but  instead  decrease.  This  can  be  achieved  by  closing  the  2, 2’ -positions  in  biphenyl 
derivatives  with  a  bridging  link,  as  a  result  of  which  either  a  new -5-  or  6-membered  ring  is  formed,  and 
die  angle  between  the  planes  of  the  benzene  nuclei  in  such  derivatives  should  approach  a  zero  value.  If 
die  bridging  link  for  die  indicated  chain  is  die  methylene  group,  then  transition  from  biphenyl  derivatives 
toaone-type  fluorene  derivative  is  realized,  and  in  that  way  the  desired  result  will  be  achieved,  since  it 
Is  known  that  In  die  fluorene  molecule,  in  contrast  to  the  nonplanar  biphenyl  molecule  •,  the  benzene  rings 
have  a  coplanar  configuration,  or  one  close  to  it  [5-8], 

In  accord  widi  die  above,  we  studied  tiie  kinetics  for  the  acylation  of  2-aminofluorene  (V)  and 
2-amino-7-nitrofluorcnc  (VI)  widi  p-nitrobenzoyl  chloride  in  benzene  solution  at  25  and  50*.  The  data 

•  See  die  literature  on  diis  problem  In  our  previous  communication  of  this  series. 
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obtained  here  were  compared  witli  the  resulLs  of  our  earlier  studies  on  the  acylation  of  some  amino  derivatives 
of  biphenyl. 


CH,. 

(V) 


-NH, 

'CH./ 

(VI) 


EXPERIMENTAL 

I.  Preparatl on  and  Purification  of  Starting  Substances 

The  benzene  and  p-nitrobenzoyl  chloride  were  purified  in  the  same  manner  as  described  earlier  [1]. 
After  preliminary  purification,  the  amines  were  repeatedly  recrystallized  to  constant  melting  point. 

2-Aminofluorene.  To  a  heated  suspension  of  7.5  g  of  finely  divided  2-nitrofluorene  [9] 
(recrystallized  from  pyridine)  in  150  ml  of  methanol  and  10  ml  of  98  %  hydrazine  hydrate  was  gradually 
added  Raney  nickel,  witli  adherence  to  the  operational  techniques  described  in  detail  in  [10].  The  nitro 
compound  went  into  solution  after  about  1,5  hours,  and  the  reaction  was  completed  by  boiling  the  mixture* 
(cessation  of  gas-evolution  [10]). 

After  filtering  while  hot  the  alcohol  was  distilled  off  to  a  small  volume,  and  the  amine  was  precipitated 
with  water.  The  yield  was  quantitative;  m.  p.  128-128.5*. 

The  amine  was  purified  by  dissolving  it  in  benzene  (treatment  with  activated  carbon)  and  then 
precipitating  it  as  the  hydrochloride  by  passing  dry  HCl  into  the  solution.  The  hydrochloride  was  decomposed 
by  heating  in  methanol,  saturated  with  dry  ammonia.  The  free  amine  was  isolated  from  the  methanol 
solution  by  the  addition  of  water,  and  tiien  was  recrystallized  several  times  from  aqueous  methanol  (2:1),  in 
which  connection  the  melting  point  remained  constant  at  128-128.5*  (in  the  literature  [9]—  127.5*). 

2-Ami  no -  7-  nitrofluorene.  This  amine  was  obuined  by  the  partial  reduction  of  2,7-dinitro- 
fluorene  [12]  (recrysulli^HTroirT" litro benzene),  using  the  method  of  Cislak  and  Hamilton  [13].  In  view 
of  the  fact  that  the  amine  failed  to  melt  sharply,  for  further  purification  it  was  converted  to  the  acetyl 
derivative  [13],  which  was  then  recrystallized  several  times  from  acetic  acid  •  •  to  a  constant  melting  point 
of  2.51-253*.  The  2-acetylamino-7-nitrofluorene  was  hydrolyzed  by  boiling  for  5  hours  with  concentrated 
hydrochloric  acid  (as  a  suspension).  The  hydrochloride  obtained  in  this  manner  was  dissolved  in  a  large 
volume  of  boiling  acidulated  water  and  the  free  amine  was  precipitated  by  the  addition  of  ammonia.  Then 
the  amine  was  recrystallized  twice  from  pyridine  and  3  times  from  methanol,  m.  p.  about  229*  (in  the 
literature  [13,  14],  m.  p.  229*  (cor.)  and  221*). 

II.  Method  Used  to  Measure  the  Reaction  Rate  and  Results 

In  an  inert  solvent  the  reaction  between  an  aromatic  amine  and  a  carboxylic  acid  chloride  proceeds 
in  such  a  manner  tliat  one  mole  of  tlie  chloride  combines  with  t\vo  moles  of  the  amine.  Consequently,  the 
same  as  in  previous  studies  [1-4],  the  solutions  were  prepared  in  such  manner  that  the  concentration  of  the 
chloride  (a)  in  the  mixture  of  reactants  was  exactly  half  the  concentration  of  the  amine  (b). 

The  metlnd  used  to  measure  the  reaction  rate  has  been  described  In  detail  in  a  previous  communication 

•  Balcom  and  Furst  [11],  who  proposed  this  general  method  for  the  reduction  of  nitro  compounds,  recommend 
running  the  reaction  In  etltanol.  We  found  tliat  it  also  proceeds  with  equal  ease  in  methanol. 

••  As  is  indicated  in  the  syntliesis  method  [13]. 
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1 


14];  111  essence  it  Is  h.iseil  on  the  fact  that  alter  a  predetermined  time  Interval  the  reaction  was  terminated 
by  poiirinj;  a  benzene  solution  of  diethylamine  into  the  reactant  mixture,  after  which  die  unacylated  amine 
was  determined  by  potciuiomelric  titration  witli  sodium  nitrite  [15]. 


Tlic  bimolcciilar  rate  consunt,  energy  of  activation  (E),  preexpotential  term  of  the  Arrhenius  equation 
(PZ)  and  the  entropy  of  activation  (  AS* •*  )  were  calculated  in  exactly  the  same  manner  as  Indicated  in 
communication  [4]. 


Practically  coinciding  results  were  obtained  when  the  kinetics  experiments  were  repeated  after 
several  months  with  a  newly  prepared  series  of  aminofluorene  samples  (a  different  method  was  used  for 
their  purification). 

Tlic  numerical  data  obtained  for  the  reactions  studied  in  tire  present  communication  are  collected 
in  Tables  1  and  2,  where  the  following  designations  are  used;  tj  are  the  time  intervals  after  which  the  rate 
is  measured;  and  kj  and  k  are  respectively  the  average  value  of  the  rate  constant;  1)  for  a  given  tj  with 
number  of  measurements  nj  ,  and  2)  for  all  L  n^  of  die  measurements.  In  these  tables  the  average  value 
of  die  reaction  yield  for  nj  measurements  is  given  in  the  second  column. 


TABLE  1 

Kinetics  For  the  Reaction  of  2-Aminofluorene  With  p  -Nitrobenzoyl  Chloride 


n  0.00125  : 

liter 


6  =  0.0025 

liter 


5600  -  ^  ;  PZ=IA-  10*  - 

mole  '  mole  •  sec. 


SS  -  =.-41.6 


_ cal _ 

degree  •  mole 


The  principal  data  on  the  kinetics  of  the  reactions  studied  in  the  present  communication  are  summarized 
in  Table  3,  as  are  also  the  values  of  some  of  the  constants  for  the  reactions  studied  by  us  earlier. 

Discussion  of  Results* 


2-Aminofluorene  (V)  and  2-amino-7-nitrofluorene  (VI)  can  be  regarded  as  being  analogs,  on  the  one 
hand,  of  4-amino-biphenyl  (I)  and  4-amlno-4’-nitrophenyl  (II),  and  on  the  other,  of  the  2,2*-dimethyl 
derivatives  of  these  amines  (III)  and  (IV).  A  distinguishing  characteristic  of  each  of  the  mentioned  pairs  of 
compounds  is  die  fact  that  the  angle  between  the  planes  of  the  benzene  rings  is  greatest  in  the  case  of  the 
dimethyl  derivatives  of  biphenyl,*  •  decreases  in  the  transition  to  the  compounds  not  substitued  in  the  2,2’- 
positions,  and  is  practically  nonexistent  for  the  fluorene  derivatives. 

*  See  Table  3. 

•*  See  the  literature  cited  in  previous  communications. 
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TABLE  2 

Kinetics  I’or  the  Reaction  of  2-Amino-7-nltrofluorene  Wlthp-Nltrobenzoyl 
Chloride 


»  0.00125  : 


A  =-0.0025 


mole 

liter 


Temperature  25^ 

Temperature  so” 

3 

£ 

Yield  (%) 

M-sec.  ' 

"i 

(,(miny) 

Yield  (%) 

10 

9.6 

0.0712 

2 

10 

17.1 

0.142 

3 

25 

20.5 

0.0f)90 

3 

15 

23.2 

0.139 

5 

50 

31.2 

0.0699 

5 

25 

34.9 

0.148 

4 

80 

46.9 

0.0739 

5 

40 

44.8 

0.140 

5 

120 

57.8 

0.0765 

5 

60 

57.2 

0.154 

2 

180 

66.4 

0.0738 

3 

90 

66.7 

0.154 

3 

=  0.0727 

0.0031 

£”500  =  0.145  rt  0.001 

£  =  5300  PZ=5.5 

mole 


102 

mole  •  sec. 


A5' 


-48.1 


cal 


degree  •  mole 


TABLE  3 

Summarized  Data  On  the  Kinetics  For  the  Acylation  of  Amines  With  p-Nitro- 
benzoyl  Chloride  • 


Amine 

1  ^25'’ 

1 

1 

I  ^50° 

E 

PZ 

A5** 

(1) 

0.533  ±:  0.010 

n 

1.11  db  0.02 

5600 

7.1  .  103 

—42.8 

(It)  OM,^ _ _ ^NH, 

0.0505^0.0011 

P 

00 

It 

p 

6500 

2.9  . 

-44.7 

("»  <_>-<_>-’"*■ 

CH,  CH. 

0.792  rL-0.d28 

1.79  --f-0.011 

6200 

3.0  •  10< 

-40.1 

(IV)ON,<Z/“\ _ 

0.114  :t0.006 

0.386i0.016 

9300 

7.8 . 103 

—33.6 

CH,  CH, 

<V) 

\  ✓ 

CH, 

1.12  -M).01 

2.33  :‘;0.02 

5600 

1.4  •  10* 

-41.6 

(IV)0,N^ _ y  \ _ ])-NH, 

0.0727=t0.0031 

0.145:?;0.001 

5300 

5.5  •  102 

-48.1 

•The  dimensions  of  the  constants  are  the  same  as  those  given  in  Tables  1  and  2. 
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The  ratio  of  the  acylation  rate  constants  for  each  pair  of  the  examined  compounds 


K,  K 

I  -  r  .  Ill 


K. 


=  h  5  =  f.5  "V 

iTT  TT- 


=  f. 


IV 


VI 


characterizes  tlic  magnitude  of  the  reactivity  transmitted  by  the  NOj  and  NHj  groups  respectively:  1) 
tluough  a  system  of  two  benzene  rings  connected  by  a  simple  bond;  2)  through  a  system  of  the  same  rings 
in  tile  presence  of  steric  hindrance,  evoked  by  substituents  in  the  2,2’-positions,  and  3)  through  a  system 
of  tlie  same  benzene  rings,  made  additionally  stronger  by  a  bridging  methylene  group.  We  will  call  the 
indicated  ratio  of  the  constants  the  factor  for  the  transmission  of  electronic  reactivity  of  substituents  through 
a  system  (f).  I'rom  die  data  given  in  Table  4  it  is  quite  evident  that  tire  value  of  factor  f  is  greatest  for  the 
fluorene  system  and  least  for  the  2,2*-dimetIiylbiphenyl  system,  while  the  unsubstituted  biphenyl  system 
occupies  an  intermediate  position.  This  is  in  accord  with  the  fact  that  the  arrangement  of  the  planes  of 
the  benzene  rings  in  the  fluorene  molecule  is  planar,  or  nearly  planar,  while  in  the  case  of  the  other  two 
systems  the  planes  of  the  indicated  rings  form  an  angle,  in  which  connection  the  angle  is  considerably 
greater  for  the  2, 2*- derivatives  of  biphenyl  than  for  the  analogous  unsubstituted  compounds. 


TABLE  4  However  from  the  results  obtained  by  us  it 

Values  of  the  Factors  f  For  the  Biphenyl,  2,2'-  follows  that  in  itself  the  planarity  of  the  molecule 

Dimetliylbiphenyl  and~Fluorene  Systems  always  plays  a  less  essential  role  here  than  might 

have  been  expected,  since  the  value  of  f  for  the 
fluorene  system  is  not  very  much  different  from  the 
corresponding  value  for  the  biphenyl  system,  even 
though  the  biphenyl  molecule  is  nonplanar,  while  the 
fluorene  molecule  has  a  planar  structure.  This  fact 
is  a  serious  argument  in  support  of  the  situation  that 
a  weak  conjugation  between  the  benzene  rings  in  the 
biphenyl  molecule  is  due  not  only  to  its  nonplanar 
structure  [1.  2], but  is  also  conditioned  by  the  inherent 
stability  shown  by  the  electronic  system  of  the  benzene 
ring  [16].  In  comparison  with  the  above  mentioned 
geometric  considerations,  the  last  circumstance 
apparently  possesses  the  greater  importance.  Also  not 
excluded  is  the  probability  that  the  noted  comparatively 
small  conductivity  shown  by  the  fluorene  system  with  respect  to  the  electronic  reactivity  of  substituents  is 
due  to  strains,  created  by  the  closure  of  the  five-membered  ring  in  the  fluorene  molecule  and  its  associated 
shift  of  tlie  centers  of  symmetry  of  die  benzene  rings  to  one  side  of  die  bond  line  connecting  these  rings 


\- 


_  /- 
\ 


1 

System 

f25o 

f|Wl 

.  /  \ _ / 

10.6 

9.41 

— \_ 

_/  \ _ / 

6.95 

4.64 

CM,  c!hi 

15.4 

16.1 

\  / 

CH, 

The  following  detail  deserves  attention.  If  in  its  kinetic  parameters  2-aminofluorene  is  similar  to  its 
extremely  close  analog#  4-amino-2,2’-dimethylbiphenyl,  dien  2-amino- 7-nitrofluorene  differs  sharply  in 
tills  respect  from  its  analog,  4-amino-4*-nitro-2,2*-dimethylbipheHyl,  especially  in  the  values  of  the  energy 
and  entropy  of  activation.  Substantially,  however,  kinetics  data  for  the  acylation  of  2-amino-7-nitrofluorene 
are  comparable  to  similar  data  for  4-amino-4*-nitrobiphenyl,  in  which  connection  the  value  of  E  for  die 
fluorene  derivadve  is  even  lower  diaii  the  corresponding  value  for  die  biphenyl  derivative.  We  hope  to  give 
an  explanation  of  tiiis  interesting  fact  in  the  near  future  when  was  discuss  die  whole  problem  of  the  relation¬ 
ship  betv/een  spatial  configuration  and  reactivity  in  die  series  of  biphenyl  derivatives. 


SUMM  AKY 

1.  'I’lic  kinetics  of  tlie  reaction  for  die  acylation  of  2-aminofluorcnc  and  2-aniiiio-7-nitrofluorene 
witli  p-nitrobenzoyl  chloride  in  lx;ir/ciic  solution  was  studied. 
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2,  It  was  sliowii  tliai  tlic  fluorcitc  system,  being  more  planar  than  the  biphenyl  system,  is  a  better  agent 
for  tlic  transfer  of  tlie  clcrtronlc  influences  exerted  by  substituents. 
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ORIENTATION  WITH  SUBSTITUTION  IN  THE  AROMATIC  SERIES 
I.  SULi-ONA'nON  OP  m- TOLUENES ULFONIC  ACID 


A.  A.  Spryskov  and  T.  I.  Yakovleva 


In  substitution  in  the  Ixinzene  ring  the  degree  of  reactivity  of  the  compound  and  the  reaction  conditions, 
i.  e..  tlic  temperature,  activity  of  the  attacking  agent  and  duration  of  reaction,  exert  an  influence  on  the 
orientation  shown  by  a  newly  introduced  substituent.  In  tlie  present  study,  by  means  of  running  experiments 
on  the  sulfonation  of  m-toluenesulfonic  acid  we  propose  to  show  the  influence  exerted  by  the  indicated 
factors  on  tlie  orientation  of  the  newly  introduced  sulfo  group. 

When  substituents  of  Class  I  and  II  are  present  in  m-toluenesulfonic  acid,  standing  meta  with  respect 
to  each  otlier,  tliere  occurs  the  case  of  noncoinciding  orientation,  and  consequently,  considering  it 
impossible  for  tlie  sulfo  group  to  enter  the  benzene  ring  ortho-  to  the  other,  the  formation  of  1,2,5-  and 
1,3,5-toluenedisulfonic  acids  is  possible. 

Since  the  degree  of  influence  exerted  by  substituents  is  determined  by  their  position  in  the  Holleman 
series  it  follows,  in  accord  witli  the  classical  orientation  rules,  that  the  formation  of  1,2,5- toluenedisulfonic 
acid  can  oe  expected. 

m-Toluenesulfonic  acid  had  been  sulfonated  earlier  by  Klason  [1]  as  the  barium  salt  under  heating 
with  2.5  parts  of  strongly  fuming  oleum  for  3-4  hours  at  180°,  For  purification  the  mixture  of  sulfonic  acids 
was  converted  into  the  chlorides.  To  separate  the  1,2,5-  and  1,3,5-isomers  the  chlorides  were  converted 
into  tlie  barium  salts,  wliich  for  identification  purposes  were  again  converted  to  die  acid  chlorides.  The 
ratio  between  tlie  isomers  was  not  established;  despite  this  Klason  [2]  assumed  the  1,2,5-isomer  to  be  the  main 
product. 

However,  our  experiments  revealed  diat  die  1,3,5-isomer  is  the  predominant  product,  i.e.,  the  sulfo 
group  enters  mainly  in  the  meta-position  to  the  methyl  group.  This  case  is  outside  the  scope  of  the  classical 
rules  for  orientation  in  die  benzene  ring. 

The  influence  of  temperature  and  duration  of  the  process  in  the  sulfonation  reaction  had  also  been 
repeatedly  observed  earlier,  without  touching  on  a  change  in  the  type  of  orientation,  since  the  influence 
of  diese  factors  had  been  extended  to  the  ratio  of  die  ortho-  and  para-isomers.  Only  a  few  isolated  facts 
exist  widi  respect  to  a  change  in  die  type  of  orientation. 

Thus,  Holleman  and  Caland  [3]  observed  a  slight  increase  in  die  amount  of  m-toluenesulfonic  acid 
when  die  temperature  for  die  sulfonadon  of  toluene  was  increased,  while  Olivier  [4]  observed  the  formation 
of  1,3,5-citlorobenzenedisulfonic  acid  from  chlorobenzene  at  300’  and  of  1,3,5-bromobenzenedisulfonic 
acid  from  bromobenzene  [3]. 


EXPERIMENTAL 

m-Toluenesulfonlc  acid  and  its  chloride  were  obtained  by  the  sulfonation  of  o-toluidine  to  o-toluldine' 
5-sulfonic  acid  fO]  with  subsequent  diazotization  and  removal  of  the  diazonium  group  with  alcohol.  The 
salt  of  the  rii-toluenesulfonic  acid  was  converted  to  the  cliloride,  which  was  then  vacuum -distilled.  The 
amide  obtained  from  it  had  m.  p.  108°, 
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l,2,r)-Toluenedlsulfonic  acid  was  also  obtained 
from  o-toluidine-5-sulfonic  acid  by  its  diazotization 
and  replacement  of  the  diazo  group  by  the  disulfide 
group  with  the  aid  of  sodium  disulfide.  The  disulfide 
disulfonic  acid  was  oxidized  with  permanganate  and 
die  salt  of  l,2,h-toluenedisulfonic  acid  was  converted 
to  tlie  dichloride,  which  after  recrystallization  from 
benzene  melted  at  97.1*. 

1,3,5-Toluenedisulfonic  acid  was  obtained  by 
the  sulfonation  of  o-tcAuidine  to  2-aminotoluene- 
3,5-disulfonic  acid  with  subsequent  diazotization 
and  removal  of  the  diazo  group  [7],  The  obtained 
dichloride  melted  at  93". 

We  used  pure  oleum  and  distilled  chlorosulfonlc 

acid. 

To  determine  the  ratio  of  the  formed  isomers 
we  used  the  method  of  thermal  analysis  of  the 
binary  system  1,2,5-  and  1,3,5-  toluenedisulfonyl 
dichlorides.  The  results  of  determining  the 
temperatures  at  which  a  liquid  appeared  and  the  solid 
pliase  disappeared  for  artificially  prepared  mixtures  of  tlie  two  chlorides  are  given  in  Table  1,  The  determina¬ 
tions  were  made  by  the  method  of  lieating  the  mixtures  in  capillaries  with  short  thermometers.  The  fusion 
diagram  constructed  from  tliese  data  (see  Figure)  shows  that  the  chlorides  do  not  form  chemical  compounds 
with  eacli  otlier  and  that  tlie  system  has  a  eutectic  point,  lying  at  62*  and  corresponding  to  the  composition 
of  4r.8^  1,2,5-toliienedisulfonyl  dichloride. 

In  studying  the  influence  of  various  factors  on  the  orientation  of  the  sulfo  group  it  was  also  necessary 
to  show  wliich  of  tlie  nvo  isomers  fomied  here  is  most  stable  to  the  reverse  reaction  (hydrolysis).  For  this  we 
ran  some  experiments  in  which  die  pure  dichlorides  were  first  heated  widi  a  known  amount  of  sulfuric  acid  of 
variable  concentration  at  150*  for  5  hours  in  tubes  with  a  Bunsen  seal  in  order  to  saponify  the  chloride  and 
remove  the  hydrogen  chloride.  Then  die  tubes  with  die  1,2,5-  and  1,3,5-isomers  were  sealed  and  heated 
togedicr  in  a  thermostat.  The  amount  of  hydrolyzed  sulfonic  acid  was  calculated  from  the  increase  in  the 
amount  of  sulfuric  acid  after  hydrolysis,  determined  gravimetrically  as  barium  sulfate. 


Fusion  diagram  of  mixtures  of  1,2,5-  and  1,3,5- 
toluenedisulfonyldichlorides. 


TABLE  1 

System  of  1,2,5-  amd  1,3, 5 -Toluenedisulfonyl  Dichloride 


Amount  of 

1,2,5-dl- 

chlQridc(‘74 

Temperature  1 

Amount  of 

1,2,5-di- 

ch^ridet 

Temperature 

appearance 
of  liquid 
pliasc 

disappear* 
ance  of 
'olid  phase 

appearance 
of  liquid 
phase 

disappear¬ 
ance  of 
solid  phase 

0 

92.6 

93.0 

47 

63.0 

64.3 

10 

62.0 

8H.6 

48 

62.0 

66.5 

20 

62.0 

83.5 

50 

63.0 

69.0 

30 

62.0 

77.5 

60 

62.0 

78.8 

40 

62.0 

70.0 

70 

63.0 

85.0 

43 

62.0 

67.2 

80 

62.0 

88.9 

45 

630 

65.5 

90 

62.0 

92.8 

4f> 

62.0 

65.0 

100 

96.7 

97.1 

It  was  conditionally  assumed  in  tlic  calculations  that  die  liydrolysis  goes  to  tlie  monosiilfonic  acid.  The 
experimental  ics  ilLs,  pre  ciitcd  in  Table  2,  show  diat  the  l,M,r)-disiillonic  acid  is  kinctically  more  stable  to 
desiilloiiaiion  tlian  tlie  1,  2,  5. -isomer.  1  or  all  practical  purposes  tliis  toluencdisulfonic  acid  is  not  hydrolyzed 


at  150* .  In  Expts.  17,  19  and  21  nearly  the  same  amount  of  the  1,2,5-  add  was  hydrolyzed  with  50,  60  and 
70%  sulfuric  acid,.  This  is  explained  by  the  fact  that  sulfonation  of  the  monosulfonic  acid  begins  in  65-70% 
acid.  Thus,  in  a  special  experiment  after  heating  0.5  g  of  the  m-toluenesulfonyl  chloride  with  2.5  g  of 
69%  sulfuric  acid  at  183*  for  18  hours  it  was  found  that  3%  of  the  sulfuric  acid  was  consumed  for  sulfonation. 
As  a  result,  in  Expts.  17  and  19  both  hydrolysis  and  sulfonation  take  place,  and  consequently,  also  isomerization 
with  accumulation  of  the  1,3,5-isomer. 


TABLE  2 


Hydrolysis  of  1,2,5-  and  1 , 3 , 5  -  Toluene disu Ifonic  Acids  in 
the  Presence  of  Sulfuric  Acid 


Expt. 

No. 

Isomer 

Tem¬ 

pera- 

Dura¬ 

tion 

[hours) 

Moles  of 
water  taken 

per  mole  of 

disulfonic 

acAA. 

Concentra¬ 

tion  of  sul¬ 
furic  acid 
Ho) 

IHI 

15 

1,2,5- 

150° 

.12 

8.35 

70.5 

0 

16 

1.3.5- 

150 

12 

8.00 

70.6 

0 

17 

1,2.5- 

183 

16 

9.90 

70.5 

28.0 

18 

1.3,5- 

183 

16 

9.75 

70.0 

5.2 

19 

1.2,5- 

183 

25 

7.85 

59.8 

26.2 

20 

1;3.5- 

183 

25 

7.55 

59.5 

2.8 

21 

1.2.5- 

183 

16 

9.83 

49.0 

28.6 

22 

1.3,5- 

183 

16 

9.35 

48.6 

1.4 

To  study  the  influence  of  the  activity  of  the  reagent,  the  duration  of  reaction  and  the  temperature  on 
the  orientation  we  ran  3  series  of  experiments  on  the  sulfonation  of  m-toluenesulfonic  acid. 

The  experiments  were  run  as  follows.  The  sulfonation  agent  was  added  to  a  known  weight  of  m-toluene¬ 
sulfonyl  chloride  in  a  test  tube.  The  reaction  was  tun  for  25  hours  and  more  in  sealed  test  tubes,  and  in  the 
remaining  cases  with  a  Bunsen  seal.  Then  the  sulfonic  acids  in  the  mixture  were  converted  to  the  chlorides 
by  treatment  with  chlorosulfonic  acid  for  2  hours  at  room  tenperature.  The  chlorides,  isolated  by  pouring 
over  ice,  were  filtered,  dried  over  phosphoric  anhydride,  and  dien  their  melting  point  was  determined. 

The  fusion  diagram  for  the  mixtures  of  the  1,2,5-  and  1,3,5-  dichlorides  has  two  branches  of  such  a 
character  that  nearly  each  melting  point  corresponds  to  two  different  compositions.  Consequently  to  the 
investigated  mixture  of  chlorides  was  added  a  known  weight  of  either  pure  1,2,5-  or  1,3,5-  dichloride  and 
the  melting  point  of  the  new  mixture  was  determined.  An  increase  or  decrease  in  the  melting  points 
indicated  whether  the  mixture  belonged  to  the  right  or  left  branch.  The  data  of  these  determinations  are 
presented  in  Table  6. 

TABLE  3 

Sulfonation  of  m- Toluenesulfonyl  Chloride  With  Reagents  of  Different  Activity 


at  Room  Temperature 


Expt. 

No. 

Sulfonation  agent  and 
its  amount 

Monochloride 

taken 

Duration 

(hours) 

M.P.  of  mixed  dichlo¬ 
rides 

Composition  of 
mixture  (in  %) 

Initial 

final 

1.2,5- 

1.3,5- 

41 

100%H,^^9.91  g) 

2.02  g 

1848* 

60* 

71.5* 

38 

62 

42 

HSOjCl  (5.0  ml) 

0.50  g 

324 

61 

73.0 

35 

65 

43 

58% oleum  (2.0  ml) 

1  ml 

48 

61 

79.0 

26 

74 

•Since  after  1848  hours  unsulfonated  chloride  was  still  present,  then  chlorosulfonic  acid  was  added,  and  the 
mixture  was  let  stand  another  1320  hours,  after  which  it  was  heated  for  40  minutes  at  100*. 
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The  results  of  the  first  series  of  sulfoiintioii  experiments  using  snlfonation  agents  of  variable  activity, 
presented  in  Table  3,  show  tliat  ttie  more  active  the  agent  the  greater  the  amount  formed  of  the  stable 
1,3,5-isomer  with  a  meta-arrangement  of  the  substituents. 

Thus,  more  of  the  stable  1,3,5-isomer  was  obtained  in  Expt.  41  tlian  in  Expt.  40,  due  to  the  fact  that 
chlorosulfonic  acid  is  more  active  than  loo'll  sulfuric  acid.  The  more  active  oleum  gives  an  even  larger 
amount  of  the  stable  1,3,5-isomer.  In  tiiese  experiments,  run  at  low  temperature,  die  possibility  of  isomeriza¬ 
tion  through  hydrolysis  and  secondary  sulfonation  is  excluded. 

Tlie  results  of  the  second  series  of  sulfonation  experiments  with  a  variable  reaction  time,  presented 
in  Table  4,  show  tiiat  the  amount  of  the  1,  3,  5-isomer  also  increases  with  increase  in  the  duration  of  the 
process.  In  diis  case  isomerization  occurs  through  hydrolysis  and  secondary  sulfonation,  leading  to  an 
accumulation  of  die  more  hydrolysis-resistant  isomer. 


TABLE  4 

Sulfonation  at  183’  With  IGOo/n  Sulfuric  Acid  and  a 
Variable  Reaction  Time 


Expt. 

No. 

Taken 

Duration 

(hours) 

Melting  point  of 
product 

Composition  of 
product  ( in  %) 

monochlo-  j 
ride(g) 

mono- 
hydrate  (g) 

initial  ^ 

final 

1,2,S- 

1.3.5- 

30 

0.5786 

1.600 

4 

59° 

66.5° 

44.0 

56.0 

31 

0.5487 

1.733 

12 

59 

73.0 

36.5 

63.5 

32 

0.5349 

1.729 

25 

59 

78.5 

28.5 

71.5 

36 

0.8962 

2.773 

1 

40 

60 

82.5 

21.5 

78.5 

TABLE  5 

Sulfonation  of  m  -  Toluenesulfonyl  Chloride  at  Various 

Temperatures 


Expt. 

No. 

Taken 

Tem¬ 

pera¬ 

ture 

Dura¬ 

tion 

(hours] 

Melting  point 
of  product 

Composition  of 
product  (in  %) 

m-tolu- 
enesulfonyl 
chloride  (g) 

lOO'^e 

H,S04 

jfg^ 

^0^ 

oleum 

initial 

final 

1,2,5 

1,3,5- 

26 

1.015 

2.366 

100° 

8 

59° 

64.0° 

47 

53 

27 

1.003 

2.184 

132 

8 

60 

63.6 

47 

53 

40 

1.005 

2.185 

183 

8 

60 

69.0 

41 

59 

43 

1  ml 

2 

20 

48 

61 

79.0 

26 

74 

38 

1  ml 

2 

i  167-174 

4 

i 

'  61 

1 

85.5 

16 

84 

270 


The  experimental  results,  presented  in  Table  5,  sliow  the  influence  of  temperature  on  the  ratio  of  the 
isomers.  To  be  sure,  a  mixture  of  nearly  tlie  same  composition  was  obtained  in  Expts.  26  and  27,  since 
the  difference  in  the  sulfonation  temperatures  was  small,  and  hydrolysis  was  still  absent.  An  increase  in 
the  amount  of  tlie  1,3,5-isomer  becomes  noticeable  when  the  temperature  is  raised  to  183*  where  hydrolysis 
occurs,  and  consequently,  isomerization  of  tlie  sulfonic  acid.  However,  an  increase  in  the  sulfonation 
temperature  exerts  an  influence  on  the  ratio  of  the  isomers  even  in  the  absence  of  hydrolysis,  which  is  the 
case,  for  example,  when  high  percent  oleum  is  used.  The  results  of  the  last  two  experiments  in  Table  5 
show  that  the  amount  of  the  1,3,5-isomer  changes  sharply  when  the  temperature  for  the  sulfonation  with  60<7o 
oleum  is  changed  from  20  to  170*. 

As  a  result,  the  temperature  is  also  one  of  the  factors  that  influence  the  orientation  of  the  sulfo  group. 

The  results  of  determining  the  section  on'  the  fusion  curve  corresponding  to  the  melting  points  of  the 
obtained  dichlorides  are  given  below  in  Table  6. 

When  compared  with  toluene  a  change  in  the  ortho-,para -orientation  to  meta -orientation  occurs  first 
of  all  as  the  result  of  deactivation  of  the  ring  by  the  sulfo  group,  shitting  the  orienting  influence  toward  the 
meta-isomer,  which  shows  a  greater  stability  to  the  reverse  reaction.  As  was  indicated  above,  the  reaction 
conditions  also  exert  an  important  influence.  In  all  of  the  sulfonation  experiments  the  stable  meta-isomer 
(1,3,5-)  is  formed  in  predominant  amount,  and  in  some  cases  its  amount  reaches  84<7o. 


TABLE  6 

Melting  Point  of  Mixed  Samples  of  Dichlorides 


Expt, 

No. 

Taken 

Calculated  composition  of  the  mix¬ 
ture  and  m.p. 

Melting 

Investigated 
dichloride 
mixture  (g) 

1,3,5-  di- 
chloride(g) 

left  branch 

right 

branch 

point  of 
mixed 
sample  * 

1,3.5-  (%) 

melting 

point* 

1.3,5-  (%) 

melting 

point* 

30 

0.0863 

0.0050 

54.6 

65.2 

58.4 

69 

68.5 

31 

0.0567 

0.0111 

56.0 

66.3 

69.5 

77.3 

78.0 

32 

0.0482 

0.0200 

58.0 

68.3 

79.7 

83.2 

83.8 

36 

0.0754 

0.0200 

47.4 

72.6 

83.0 

85.0 

85.8 

38 

0.1676 

0.0300 

38.8 

79.5 

86.5 

86.9 

87.0 

40 

0.0937 

0.0100 

55.3 

66.0 

62.4 

71.3 

71.5 

41 

0.1303 

0.0202 

55.5 

66.3 

67.2 

75.6 

76.0 

42 

0.1295 

0.0200 

53.7 

63.3 

69.7 

77.0 

77.0 

43 

0.1261 

0.0200 

46.9 

73.3 

77.7 

82.0 

82.3 

SUMMARY 

1.  The  thermal  equilibrium  diagram  for  the  binary  system  composed  of  the  1,2,5-  and  1,3,5- toluene- 
dlsulfonyl  dlchlorides  was  obtained. 

2.  The  experiments  on  the  hydrolysis  of  the  1,2,5-  and  1,3,5-toluenedisulfonic  acids  revealed  that 
the  1,3,5-isomer  is  the  more  kinetically  stable  isomer. 

3.  The  ortho-,  para -orienting  influence  of  the  methyl  group  in  toluene  is  weakened  in  m -toluene- 
sulfonic  acid  due  to  deactivation  of  the  ring  by  the  sulfo  group.  The  sulfonation  of  the  m-toluenesulfonic 
acid  results  in  die  predominant  formation  of  the  more  stable  meta-isomer  (1,3,5-toluenedisulfonic  acid). 

4.  The  amount  of  the  stable  1,3,5-isomer  is  increased  with  increase  in  the  temperature  and  activity 
of  the  sulfonating  agent.  An  increase  in  the  duration  of  the  process  in  the  presence  of  conditions  conducive 
for  isomerization  operates  in  the  same  manner. 


•Fixed  by  the  final  melting  point. 


271 


LITERATURE  CITED 


[1]  P.  Klason,  Ber..  19,  2888  (1886). 

[2]  P.  Kla$on.Ber.,  20,  352  (1887). 

[3]  A.  F.  Holleman.  P.  Caland,  Ber,,  44,  2504  (1911), 

[4]  S.  C.  J.  Ollvlv,  Rec.  trav.  chlm.,  37,  307  (1918)j  38,  351,  356  (1919), 

[5]  S.  C.  J.  Olivier,  K.  J,B,  Kleermaeker  Jr.,  Rec.  trav.  chim.,  39,  640  (1920). 

[6]  Organic  Syntheses,  4,  477  (1953).  Leningrad  Press. 

[7]  M.  S.  Klsteneva  andM.  S.  Rozhdestvensky,  J.  Appl,  Chem.,  22,  1110  (1949). 


Received  January  30,  1956. 


Ivanovo  Chemical- Technological  Institute 


TRIAROXYPHOSPHAZOSULFONARYLS  AND  DIARYL  ESTERS  OF 


A  RYLSULFONAMl  DO  PHOSPHORIC  ACIDS 
A,  R.  Kirsanov  and  R.  T.  Makitra 

For  the  purpose  of  studying  tiieir  insecticidal  properties  we  synthesized  some  triaroxyphosphazosulfonaryls 
of  type  ArS02  N=P(OAr')3  and  some  diaryl  esters  of  the  arylsulfonamidophosphoric  acids  of  type 
ArS02NHP0(0Ar')2,  based  on  the  schemes  tliat  we  had  developed  earlier  [1],  with  Ar  =  phenyl,  o-  and 
p-tolyl,  and  Ar'  =  o-  and  p-chlorophenyl  and  o-  and  p-nitrophenyl. 

The  o-  and  p-trichlorotriphenoxyphosphazosulfonaryls  are  colorless  crystalline  substances  (with  the 
exception  of  o-trichlorotriphenoxyphosphazosulfon-p-tolyl,  which  is  liquid  at  room  temperature),  of  neutral 
character,  insoluble  in  water,  readily  soluble  in  acetone,  ethyl  acetate  and  ethyl  etlier,  and  crystallizing 
from  ethyl  alcohol,  petroleum  ether  and  carbon  tetrachloride.  The  para-chloro  compounds  melt  considerably 
higher  and  are  more  difficultly  soluble  than  the  corresponding  ortho-chloro  compounds.  When  boiled  widi 
caustic  alkalies  in  alcohol  solution  the  trichlorotriphenoxyphosphazosulfonaryls  are  saponified  with  the 
formation  of  tlie  sodium  salts  of  arylsulfonamidophosphoric  acid  diesters  [2],  The  diesters  are  always  formed 
as  secondary  products  in  the  synthesis  of  triaroxyphosphazosulfonaryls  in  yields  of  14-37<7o,  and  can  be 
obtained  in  90-95'7o  yields  from  the  dichlorides  of  arylsulfonamidophosphoric  acids  and  sodium  chlorophenolates. 
The  o-  and  p-dichlorophenyl  esters  of  the  arylsulfonamidophosphoric  acids  melt  considerably  above  the 
corresponding  trichlorotriphenoxyphosphazosulfonaryls,  crystallize  well  from  benzene,  are  readily  soluble 
in  acetone,  metliyl  alcohol,  ethyl  alcohol  and  ethyl  acetate,  represent  strong  monobasic  acids,  and  with 
alkalies  give  salts  tliat  crystallize  well  and  are  saponified  with  difficulty  by  alkalies. 

The  o-  and  p-trinitrotriphenoxyphosphazosulfonaryls  represent  light-yellow  crystalline  substances  of 
neutral  character,  readily  soluble  in  dioxane  at  room  temperature,  crystallizing  from  benzene,  and  insoluble 
in  water  and  most  organic  solvents.  The  para-nitro  derivatives  melt  higher  and  are  considerably  more 
difficultly  soluble  than  the  ortho-nitro  derivatives.  The  trinitrotriphenoxyphosphazosulfonaryls  are  saponified 
with  considerably  greater  ease  than  the  trichlorotriphenoxyphosphazosulfonaryls.  Thus,  for  example,  they 
are  completely  saponified  to  the  dinitrodiphenyl  esters  of  arylsulfonamidophosphoric  acids  when  boiled  with 
95%  alcohol  in  the  absence  of  alkali  (see  |■2]), 

The  dinitrodiphenyl  esters  of  the  arylsulfonamidophosphoric  acids  represent  crystalline  substances  with 
a  hardly  perceptible  light-yellow  color,  readily  soluble  in  alcohol  and  acetone,  very  difficultiy  soluble  in 
water  and  most  organic  solvents,  crystallizing  from  aqueous  alcohol,  and  showing  the  properties  of  strong 
monobasic  acids.  With  alkalies  they  give  clearly  colored,  well-crystallizing  salts.  With  the  exception  of 
the  di-p-nitrodiphenyl  ester  of  p-tolylsulfonamidophosphoric  acid,  the  diesters  melt  above  the  corresponding 
trinitrotriphenoxyphosphazosulfonaryls  (see  EXPERIMENTAL). 

EXPERIMENTAL 

Tr i  - p -  ch loro  tr iph enox y phosph a zo su  1  fona ry Is  and  Di-p-chlorodiphenyl  Esters 
of  Arylsulfonamidophosphoric  Acids.  To  a  suspension  of  0.09  mole  of  p-chlorophenolate  in 
50  ml  of  benzene  was  added  with  vigorous  stirring  a  solution  of  0,03  mole  of  the  corresponding  trichloro- 
phosphazosulfonaryl  in  25  ml  of  benzene.  Vigorous  reaction  began  immediately,  accompanied  by  heat- 
evolution,  Tlte  phenolate  precipitate  disappeared,  and  a  slimy  precipitate  of  sodium  chloride  appeared. 
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'I'o  complete  the  reaction  the  mixture  was  heated  at  the  toil  for  30  luiiiiitcs,  then  tlie  tonzene  was  vacuum- 
distilled.  and  the  residue  was  treated  with  100  ml  of  0.3N  sodium  hydroxide  solution  and  thorouglily  mixed. 
Here  tlic  tri-p-chlorotriphcnoxypliosphazosulfonaryls  deposited  as  colorless,  coarsely  crystalline  precipitates, 
while  tlie  sodium  salts  of  the  diesters  separated  as  nearly  colorless  oils,  quite  difficultly  soluble  in  water.  The 
phosphazosulfon-  compounds  were  suction-filtered,  thoroughly  washed  with  water,  and  recrystallized  from 
alcohol. 

The  light-yellow  oils  of  the  sodium  salts  of  the  diesters,  filtered  together  with  water,  crystallized  on 
standing.  The  salts  were  dissolved  in  water  and  the  resulting  solutions  were  acidified.  The  diesters 
deposited  as  oils,  which  soon  crystallized  completely.  For  purification  they  were  recrystallized  from  benzene. 

Tri-o-chlorotriphenoxyphosphazosulfonaryls  and  Pi -o  -  ch  loro  di  phenyl  Esters 
of  A r y  1  s u Ifonamidopliosphoric  Acids.  We  were  unable  to  obtain  tliese  compounds  in  the 
crystalline  state  by  tlie  above -described  method.  To  obtain  them  it  was  necessary  to  start  with  very  pure 
o-chlorophenolate,  completely  soluble  in  etlier,  and  to  run  the  reaction  not  in  benzene,  but  in  ether. 

To  a  solution  of  0.06  mole  of  o-chlorophenolate  in  50  ml  of  ether  was  added  all  at  once  a  solution  of 
0.02  mole  of  tlie  corresponding  trichlorophosphazosulfonaryl  in  25  ml  of  ether  and  the  flask  was  immediately 
closed  witli  a  reflux  condenser.  A  stormy  reaction  began  immediately,  accompanied  by  boiling  of  the  ether 
and  the  separation  of  sodium  chloride  as  a  precipitate.  To  complete  the  reaction  the  mixture  was  boiled  for 
15-20  minutes.  After  cooling,  witliout  separating  the  sodium  chloride,  the  mixture  was  transferred  to  a 
separatory  funnel,  washed  twice  with  IN  sodium  hydroxide  solution  (20  ml  portions),  and  then  5-8  times 
with  water  (10  ml  portions)  until  the  wash  waters  no  longer  gave  either  a  precipitate  or  turbidity  (diester)  when 
acidified.  The  ether  solution  was  dried  over  sodium  sulfate  and  the  ether  was  removed  by  distillation.  The 
residue  contained  tlie  tri-o-chlorotriphenoxyphosphazosulfonaryls  as  viscous  light-yellow  oils,  showing 
complete  crystallization  when  cooled,  with  the  exception  of  the  tri-o-chlorotriphenoxyphosphazosulfon-p- 
tolyl,  which  was  a  thick  viscous  liquid. 

Acidification  of  tlie  alkaline  wash  waters  gave  a  non  crystallizing  mixture  of  o-chlorophenol  and  the 
corresponding  arylsulfonamidophosphoric  acid  di-o-chlorodiphenyl  esters.  To  isolate  the  esters  the 
o-chlorophenol  was  steam-distilled  and  the  solid  residue  was  recrystallized  from  a  mixture  of  benzene  and 
petroleum  ether.  We  were  unable  to  isolate  a  crystalline  o-tolylsulfonamidophosphoric  acid  di-o-chloro- 
diphenyl  ester  in  this  manner. 

Hydrolysis  of  Trichlorotriphenoxyphosphazosulfonaryls  With  Sodium 
Hydroxide  in  Alcohol  Solution.  To  a  solution  of  0.001  mole  of  trichlorotriphenoxyphosphazo- 
sulfonaryl  in  10-15  ml  of  alcohol  was  added  1.0  ml  of  IN  sodium  hydroxide  solution  and  the  mixture  was 
boiled  under  reflux  for  30  minutes,  after  which  the  alcohol  was  distilled  off  and  the  residue  was  treated  with 
25  ml  of  water.  The  clear  solution  was  acidified  with  hydrochloric  acid,  and  the  resulting  precipitate  of  the 
arylsulfonamidophosphoric  acid  dichlorodiphenyl  ester  was  suction-filtered,  washed,  and  recrystallized  from 
benzene.  The  diesters  obtained  in  this  manner  did  not  depress  the  melting  points  when  mixed  with  specimens 
of  the  diesters  obtained  as  secondary  products  in  tlie  synthesis  of  the  trichlorotriphenoxyphosphazosulfonaryls. 

Preparation  of  the  Di-o-chlorodiphenyl  Ester  of  Phenylsulfonamido- 
phosphoric  Acid  From  Ph eny Isul  fo na m  i dopho sphor y  1  Dichloride.  To  0.09  mole  of 
sodium  o-chlorophenolate  was  added  a  solution  of  0.03  mole  of  phenylsulfonamidophosphoryl  dichloride  in 
30'ml  of  benzene.  The  evolution  of  heat  was  observed  on  mixing.  The  mixture  was  boiled  under  reflux 
for  30  minutes,  then  the  benzene  was  vacuum -distilled,  the  residue  dissolved  in  water,  and  the  solution 
acidified.  To  remove  the  o-chlorophenol  the  obtained  oily  substance  was  steam  -distilled  until  the  oil 
layer  turned  to  a  solid  crystalline  precipitate,  which  was  suction-filtered  and  washed  with  water.  The  yield 
of  the  phenylsulfonamidophosphoric  acid  di-o-chlorodiphenyl  ester  was  12.8  g  (92.770)  (after  recrystallizatiou 
from  beuzene--pTisms  with  m.  p.  149-151"),  and  it  failed  to  depress  the  melting  point  when  mixed  with  the 
diester  obtained  by  die  hydrolysis  of  tri-o-chlorotriphenoxyphosphazosulfonplieiiyl. 

Tr  i  n  i  tro  tr  i  ph  eno  X  y  p  ho  spha  zo  s  u  1  fo  na  r  y  Is ,  To  0,06  m  ole  of  sodium  nitrophenolate, 
well-dried  in  vacuo  at  140",  was  added  a  solution  oro.02  mole  of  tlie  rorrespoudiug  trichlorophosphazosulfo¬ 
naryl  in  150  ml  ol  benzene.  A  small  aniount  of  heat  v/as  evolved  on  mixing. 
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The  reaction  mix  ture  was  boiled  under  reflux  for  6  hours,  to  nearly  complete  disappearance  of  the  red 


nitrophenolate  precipitate,  and  then  tire  mixture  was  suction-filtered  while  boiling  hot.  Here  the  o-nitro 
derivatives  xemained  in  tlie  solution,  from  which  they  deposited  on  cooling  or  after  distilling  off  a  part  of  the 
solvent.  The  para-niuo  derivatives  are  much  more  difficultly  soluble  in  boiling  benzene,  and  for  tiieir 
complete  removal  it  was  necessary  to  extract  tlie  precipitate  4-6  times  with  150-200  ml  portions  of  boiling 
benzene.  The  trinitrotriphenoxyphosphazosulfonaryls,  dejx)siting  from  the  benzene  solutions,  were  suction- 
filtered  and  washed  with  benzene,  and  if  necessary,  recrystallized  from  benzene.  All  of  the  operations  should 
be  carried  out  in  such  a  manner  as  to  protect  the  solutions  and  substances  as  much  as  possible  from  exposure 
to  atmospheric  moisture,  since  the  trlnitrotriphenoxyphosphazosulfonaryls  are  saponified  with  extreme  ease. 

Dini  trod  ipheny  1  Esters  of  A  ry  Is  ul  fona  m  I  dophosphor  i  c  Acids.  A  mixture  of  0.01 
mole  of  the  trinitrotripHenoxyphosphazosulfonaryl  and  15-30  ml  of  95*70  ethyl  alcohol  was  boiled  for  15-20 
minutes,  water  was  added  to  the  appearance  of  turbidity,  and  the  mixture  allowed  to  crystallize.  For 
purification  the  substance  was  recrystallized  from  alcohol  or  from  aqueous  alcohol. 

The  melting  points,  yields  and  analysis  data  for  all  of  the  obtained  substances  are  given  in  Tables  1 

and  2. 

TABLE  1 

Trichlorot  riphenoxy-  and  Trinitrotriphenoxyphosphazosulfonaryls 

of  Type  ArSOj  N  =  P(OAr')j,  Obtained  by  the  Scheme 

ArSOjN  =  PCI3  +  SAr’ONa  — ►3NaCl  +  ArSOjN  =  P(OAr’)3 


Ar 

Ar' 

Yield 
(in  *55)) 

Melting  pound 
point  1  °h  N 

Empirical 

formula 

Calcu-; 

lated 

Yield  (in  <7o) 

ArSO,NHPO(OAr’), 

C,Hs 

O-CIC.H, 

59.3 

12-13^ 

2.77 

C;,H„05NCI,SP 

2.46 

14.3 

C,H, 

PCIC.H. 

52.7 

112—114 

2.56 

C,4H„0,NC1,SP 

2.46 

37.8 

0  -CH,C,H, 

OCIC,H. 

59.5 

73-75 

2.75 

C,.H„0,,NCI,SP 

2.40 

Not  isolated 

0  •CHjC.H, 

P-CIC,H, 

55.2 

121-123 

2.32 

CmHi.O.NCLSP 

2.40 

33.1 

0-CIC,H, 

52.6 

liquid 

2.76 

C„H„O.NCI,SP 

2.40 

16.0 

p-CH,C,H, 

p-CtC.H, 

46.9 

106—107 

2.42 

C„H„O.NCI,SP 

2.40 

25.4 

C.H, 

0-NO,C,H, 

78.8 

94-95 

c.f.  [=^1 

— 

— 

C,H. 

p-NOjCfH, 

62.8 

123-124 

9.51 

C5,H„0„N,SP 

9.33 

O.CH,C.H. 

aNOjC.H, 

74.0 

151-152 

c-f.  [“] 

— 

— 

Not 

OCHjC.H, 

p-NO,C,H, 

60.5 

180—181 

9.33 

C,,H,„0„N.SP 

9.11 

isolated 

p-CH,C,H, 

oNO,C,H. 

78.7 

103-104 

9.13 

C«H„0„N,SP 

9.11 

pCHjC.H. 

p-NO,C,H, 

81.4 

179—181 

9.02 

C,.H„0„N,SP 

9.11 

275 


TABLl:  I' 


I3i  f  li  lo  rod  i  pli  c  11  y  1  and  I)  i  lu  i  ro  d  i  p  li  c  ii  y  1  Ksicrs  of  A  r  y  1  s  n  1  f  o  ii  a  in  i  do  pho  sp  ho  r  I  c 
Acids  of  Type  ArSC'»2  NIIIH't(OAr')2.  i>l>taincd  by  ilic  Sriicnie 

ArSC)2N=P(OA  r’)3  NaOM  ->  Ar’OH  i  ArS(l2NNaPl)(OAr’)2 


Ar 

Ar' 

Yield 
(in  % 

Melting 

point 

Found 

%N 

Empirical 

formula 

Calcu¬ 

lated 

%N_ 

C.H, 

0-CIC,H, 

» 

149—151° 

3.12 

C,»H„0,NCI,SP 

3.06 

C,H» 

p-CIC„H, 

96.5 

155-157 

3.05 

C„HmO,NCI,SP 

3.06 

0  ■CH.C.H, 

0-CIC.H, 

83.4** 

130-132 

2.88 

C„H,„O.NCI,SP 

2.97 

0  -CH.C.H, 

p-CIC„H,  1 

89.6 

139—140 

2.88 

C„H,„0,NCt.,SP 

2.97 

PCHjC;h, 

O-CIC.H,  1 

_ * 

172-174 

3.20 

C„H„Or,NCI,SP 

2.97 

p-CHaC^H, 

P-CIC.H, 

♦ 

165-167 

3.01 

C„H„Or,NCI,SP 

2.97 

C,H, 

0-NO,C„H, 

80.4 

150-151 

c.f.  [‘-'I 

— 

C,H, 

p  NO,C„H, 

84.4 

199—200 

8.75 

C„H„0,N,SP 

8.76 

0  -CH  ,C.H, 

0  -NO  C.H, 

66.2 

161-162 

C-f.  [2] 

— 

0  -CH  ,C,H, 

p-NOjC.H, 

85.2 

189—192 

8.42 

C„H,„0,NiSP 

8.51 

p-CH,C,H, 

0-NO,C,H, 

88.0 

163—164 

8.60 

C„H„0,N,SP 

8.51 

P-CHiC„H, 

p-NO:C«H, 

81.2 

173—174 

8.60 

1 

C„H„.OnNiSP 

8.51 

SUMMARY 

For  the  purpose  of  studying  tiieir  insecticidal  properties  the  preparation  of  twelve  chloro-  and  nitro- 
substituted  triaroxyphosphazosulfonaryls  and  twelve  chloro-  and  nitro-substituted  diaryl  esters  of  arylsulfon- 
amidophosphoric  acids  was  described. 
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•  Obtained  as  a  by-product  in  the  synthesis  of  tlic  corresponding  trichlorotriphenoxyphosphazosulfonaryl. 

•  •  To  isolate  the  o-tolylsulfonamidophosphoric  acid  o-dichlorodiphenyl  ester  it  was  necessary  to  first 
steam-distill  the  o-chlorophenol,  since  tlie  o-chloroplienol  makes  crystallization  of  the  diester  exceedingly 
difficult. 

•  •  *  T.p.  =  C.B.  Translation  pagination 
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REACTION  OF  8  -  C  H  LORO  V I  N  Y  L  KETONES  WITH  8-DICARBONYL  COMPOUNDS 
ni.  OXOVINYLATION  OF  MALONIC  ESTER,  A  NEW  SYNTHESIS  OF  a-PYRONES 


N,  K.  Kochetkov  and  L.  I.  Kudryashov 

In  the  previous  paper  [1]  we  communicated  on  a  new  reaction  —  the  reaction  of  8 -chlorovinyl 
ketones  with  monoalkylmalonic  esters,  leading  to  the  formation  of  8 -oxoalkenylmalonic  esters.  It  was 
natural  to  make  an  attempt  to  extend  this  interesting  and  syntlietically  important  reaction  to  other 
8 -dicarbonyl  compounds,  and  first  of  all  to  malonic  ester.  The  distinguishing  characteristic  in  this  case 
was  the  presence  of  two  active  hydrogens,  capable  of  being  replaced  by  the  oxovinyl  radical.  As  was  shown 
in  our  earlier  communications  [1,  2],  this  circumstance  strongly  complicated  matters,  since  it  could  lead 
to  a  complex  mixture  of  substances  due  to  the  bisoxovinylation  process,  which  is  evidently  associated  with 
metallation  of  the  originally  formed  monooxovinyl  derivative  by  sodiomalonic  ester.  Actually,  the 
experiments  on  the  reaction  of  sodiomalonic  ester  with  8 -chlorovinyl  ketones  under  the  usual  conditions 
of  the  malonic  synthesis  (In  alcohol  or  in  benzene)  failed  to  give  a  positive  result;  we  were  unable  to  isolate 
any  individual  substances  from  the  obtained  complex  mixture  of  reaction  products.  Such  negative  results 
were  alsp  obtained  by  other  authors  [3]. 

In  order  to  avoid  the  over-metallation  process  and  keep  the  reaction  at  the  stage  of  forming  the 
monooxovinyl  derivative  in  which  we  were  interested,  instead  of  the  sodiomalonic  ester,  we  used  in  the 
reaction  with  8 -chlorovinyl  ketones  the  corresponding  magnesium  derivative  —  ethoxymagnesiummalonic 
ester,  used  at  the  present  time  for  the  acylation  of  malonic  ester  with  acid  chlorides.  Actually,  here  we 
obtained  positive  results  and  a  general  method  for  the  oxovinyladon  of  malonic  ester  was  developed,  which 
permitted  us  to  obtain  B -oxoalkenylmalonic  esters  of  type  RCOCH=CHCH(CCX)C2H5)2,  not  containing  a 
second  substituent  in  the  malonic  ester  radical.  The  obtained  result  again  supports  the  close  analogy  in 
the  behavior  of  the  8  -chlorovinyl  ketones  and  acid  chlorides,  repeatedly  run  by  us  earlier  [4].  The  reaction 
proceeds  by  the  general  scheme: 

RCOCH=CHCl  +  CzHgOMgCHfCOOCzHslz  ->  RCOCH=CHCH(COOC2H5)2. 

(R  =  CH3,  C2H5,  C3HY.) 

The  most  satisfactory  results  are  obtained  when  operating  under  the  following  conditions.  A  mixture 
of  malonic  ester  and  magnesium  is  heated  in  alcohol  solution  in  the  presence  of  traces  of  iodine  or  with  a 
small  amount  of  carbon  tetrachloride,  with  simultaneous  removal  of  the  alcohol  by  distillation;  the  ethoxy¬ 
magnesiummalonic  ester,  remaining  after  removal  of  the  alcohol,  is  dissolved  in  dry  benzene,  and  then  the 
8  -chlorovinyl  ketone  is  added  in  one  portion  to  the  cooled  solution.  The  mixture  is  shaken  vigorously  with 
simultaneous  cooling  and  on  conclusion  of  reaction  is  hydrolyzed  with  tire  minimum  amount  of  dilute  hydro¬ 
chloric  acid,  after  which  the  8 -oxoalkenylmalonic  ester  is  isolated  by  distillation.  Such  a  method  of 
operation  gives  better  results  than  when  the  8 -chlorovinyl  ketone  is  added  gradually  to  the  solution  of  the 
ethoxymagnesium 'malonic  ester  with  stirring,  since  in  the  latter  case  tlie  magnesium  derivative  of  the 
condensation  product  separates  as  a  sticky  mass,  which  makes  further  reaction  difficult,  and  it  fails  to  go  to 
completion. 

The  essential  moment  for  success  of  tlie  synthesis  is  tlie  final  operation  —  the  purification  of  the 
8  -oxoalkenylmalonic  esters.  It  was  revealed  that  these  compounds,  in  contrast  to  their  analogs,  not 
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containing  hydrogen  in  the  malonic  ester  radical  of  type  RCOCH-CMCR’  (CCX)CiH5)2  [1],  are  cyclized  with 
great  ease  to  a-pyrone  derivatives  (see  below),  in  wliich  connection  this  cyclization  proceeds  with  exception¬ 
al  ease  in  tlie  presence  of  traces  of  acids.  Here  it  is  interesting  to  mention  tliat  in  the  reaction  of  metfiyl 
B  -isopropoxyvinyl  ketone  witit  maionic  ester  Hills  and  McQuilll  n  f5]  obtained  in  small  yield  a  mixture  of 
6 -oxobnienylmalonic  ester  and  ri-methyl-3-carbethoxy- a-pyrone.  For  successful  isolation  of  completely 
pure  -oxoalkenylmalonic  esters  of  type  RCXiClI  =  CHCM(COOC2H5)2  it  is  necessary  to  wash  out  very 
thoroughly  all  traces  of  acid  after  hydrolysis  of  tlie  reaction  mixture  and  to  distill  the  substances  at  die  lowest 
temperature  possible,  i.  e.,  in  a  good  vacuum.  When  diese  conditions  are  observed  the  B -oxoalkenylmalonic 
esters  can  be  obtained  in  high  yields  (G0-70<7o)  and  then  can  find  interesting  use  for  the  synthesis  of  various 
difficultly  accessible  aliphatic  compounds.  We  obtained  3-oxobuten”l-ylmalonic,  3-oxopenten-l-ylmalonic 
and  3-oxohcxen-l-ylmalonic  esters  in  this  manner. 

Tlie  obtained  substances  are  either  colorless  or  slightly  colored  liquids,  proving  to  be  quite  stable  to 
storage.  They  give  die  characteristic  cherry-red  color  with  alcoholic  ferric  chloride  solution,  inherent  to 
enols.  The  latter  can  be  explained  if  the  presence  of  keto-enol  tautomerism  is  assumed  for  die  compounds: 

RCCH=CHCH(C00C2H5)2  ^  RC=CH  -  CH  =  C(C00C2H5)2, 

O  OH 

Such  an  assumption  seems  to  be  sufficiently  well-based,  since  the  obtained  substances  are  vinylogs  of 
B  -0X0  acids,  and  diis  theoretically  important  problem  is  being  studied  at  the  present  time.  It  is  quite 
possible  diat  the  sticky  mass,  obtained  in  the  reaction  of  a  8 -chlorovinyl  ketone  with  malonic  ester,  is  the 
magnesium  derivative  of  the  enolic  form  of  the  reaction  product,  which  is  decomposed  during  hydrolysis. 

We  were  unable  to  obtain  the  corresponding  aromatic  derivative  8 -benzoylvinylmalonic  ester  —  in 
analytically  pure  form  by  the  condensation  of  phenyl  g  -chlorovinyl  ketone  with  malonic  ester.  Despite 
repeated  attempts  and  observance  of  all  of  die  precautions  (vacuum -distillation  at  0.01  mm),  the  reaction 
product  always  contained  a  substantial  amount  of  6-phenyl-3-carbethoxy-a-pyrone,  which  appears  as  the 
sole  reaction  product  if  the  distillation  is  run  at  ordinary  vacuum  (0,1-1  mm). 

CjH5COCH=CHC1  +  C:2H50MgCH(C00C2H5)2 

.COOC2H5. 

->  [G,H5C0CH=CHCH(C00C2H5)2]  -♦  I 

CeHg— No/  ^ 

Since  up  to  now  sufficiently  convenient  synthesis  methods  for  die  preparation  of  a-pyrone  derivatives 
have  failed  to  exist,  and  since  compounds  of  this  type  could  prove  to  be  of  pharmacological  interest,  we 
made  a  deuiled  study  of  the  problem  of  cyclization  of  8 -oxoalkenylmalonic  esters  to  6-substituted 
3-carbeihoxy-  a-pyrones  and  developed  a  convenient  preparative  mediod  for  their  synthesis.  It  was  revealed 
that  this  cyclization  can  be  achieved  by  simple  heating,  although  here  die  yields  of  the  a-pyrones  are  small. 
In  this  connection  it  is  necessary  to  mention  that  repeated  distillation  of  the  8 -oxoalkenylmalonic  esters, 
even  in  high  vacuum,  results  in  their  partial  cyclization  to  pyrones,  and  consequently  additional  purification 
of  these  esters  by  repeated  distillation  is  meaningless.  However,  as  yet  thermal  cyclization  cannot  be 
regarded  as  being  a  convenient  preparative  method  for  obtaining  a-pyrones,  with  the  exception  of  6-phenyl 
-3-carbetiioxy-a-pyrone,  which  is  obtained  most  conveniently  by  this  specific  method  (see  above).  To 
completely  convert  die  other  oxoalkenylmalonic  esters  to  the  pyrones  it  is  necessary  to  distill  them  2  and  3 
times  in  a  vacuum  of  5-7  mm. 

It  is  more  convenient  to  use  acid  condensation  agents  for  the  cyclization,  at  times  with  simultaneous 
removal  of  the  alcohol  by  distillation.  The  condensation  agents  tested  by  us  included  zinc  chloride, 
p-toluenesulfonic  acid,  hydrochloric  acid,  sulfuric  acid  and  acetyl  chloride.  All  of  the  reagents,  with  the 
exception  of  zinc  chloride,  assure  cyclization;  however,  in  the  presence  of  p-toluenesulfonic  acid  and 
hydrochloric  acid  the  yields  are  lower.  The  use  of  zinc  chloride  failed  to  give  positive  results.  Sulfuric 
acid  gives  the  pyrones  in  high  yield;  however,  the  obtained  substance  requires  special  purification,  since 
here  partial  saponification  of  the  carbetlioxy  group  in  the  obtained  pyrone  and  some  other  secondary  processes 
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evidently  proceed  at  tlie  same  time.  The  most  suitable  condensation  agent  proved  to  be  acetyl  chloride, 
whicli  also  possesses  the  additional  advantage  of  assuring  a  homogeneous  reaction  medium.  In  this  case 
cyclization  is  accomplished  by  the  simple  heating  of  a  mixutre  of  the  oxoalkenylmalonic  ester  with  acetyl 
chloride,  after  whicli  tlie  obtained  pyrone  is  purified  by  distillatioii: 


RCOCi  1  ^CHCl  IfCOOCa*  hh 


/\ 


R  - 


.-COOCjHg 


R  =  CH3.  C2H5,  C3H7. 


In  tills  manner  we  obtained  the  6-methyl-,  6-ethyl-and  6-propyl-3-carbcthoxy-ct-pyrones  in  60-90% 
yields.  The  obtained  3-carbcthoxy-  o-pyrones  are  either  colorless  liquids  or  low-melting  solids  (methyl 
and  phenyl  derivatives),  completely  stable  to  storage,  soluble  in  acids,  and  unstable  toward  alkalies. 

The  al kyl-3-carbethoxy-a-pyrones  can  also  be  obtained  by  the  direct  cyclization  of  the  reaction 
product  of  8 -chlorovinyl  ketones  with  malonic  ester  without  its  previous  purification;  however,  the  yields 
in  this  case  are  small,  and  purification  of  the  substance  is  difficult,  for  which  reason  this  synthesis  variation 
is  of  little  value. 

As  a  result,  tlie  reaction  for  the  oxovinylation  of  malonic  ester  is  of  interest  for  devdoping  new 
metiiods  of  organic  synthesis  in  both  the  aliphatic  series  and  the  oxygen-containing  heterocyclic  series, 

EXPERIMENTAL 

3-Oxobutenyl malonic  Ester,  In  a  flask,  connected  to  a  reflux  condenser  with  calcium 
chloride  tube,  was  placed  4.8  g  of  magnesium,  an  iodine  crystal  was  added,  the  mixture  heated  to  the 
appearance  of  iodine  vapors,  25  ml  of  anhydrous  alcohol  and  31.8  g  of  malonic  ester  added  through  the 
condenser,  and  the  reaction  mixture  heated  nearly  to  the  boil,  avoiding  stirring  until  vigorous  reaction  had 
set  in  (30-45  minutes).  If  the  magnesium  fails  to  go  into  solution,  then  another  iodine  crystal  should  be 
added,  heating  should  be  discontinued,  the  mixture  allowed  to  stand  without  stirring  for  1-1.5  hours,  and 
then  heated  as  indicated  above.  After  the  main  magnesium  mass  had  dissolved  (the  reaction  rate  is  regulated 
by  cooling),  75  ml  of  anhydrous  alcohol  was  added,  the  mixture  boiled  until  all  of  the  magnesium  had 
dissolved,  and  the  alcohol  distilled  off,  the  last  traces  of  which  were  removed  by  heating  in  vacuo  ;  the 
residue  was  dissolved  in  100  ml  of  anhydrous  benzene,  cooled  to  -10*,  a  cooled  solution  ot  15.7  g  of  methyl 
8  -chlorovinyl  ketone  in  100  ml  of  anhydrous  benzene  added  as  rapidly  as  possible,  and  the  flask  shaken 
vigorously  with  simultaneous  cooling  in  an  ice  water  bath.  After  15  minutes  self-heating  had  ceased,  the 
flask  contents  solidified,  and  after  30  minutes  a  light-yellow  precipitate,  gradually  turning  dark,  began  to 
separate.  The  reaction  mixture  was  allowed  to  stand  overnight,  then  100  ml  of  water  was  added  and  slowly 
with  shaking,  avoiding  self-heating,  about  25  ml  of  concentrated  hydrochloric  acid,  until  the  precipitate  had 
completely  dissolved  (about  1.5  hours  was  required  to  obtain  solution).  The  benzene  layer  was  separated, 
washed  with  water  (twice  with  30  ml  portions),  the  water  extracts  extracted  with  ether  (twice  with  50  ml 
portions),  the  combined  ether-benzene  extracts  treated  v/ith  fused  magnesium  sulfate  and  aluminum  oxide, 
after  2  hours  the  solvent  vacuum -distilled  from  the  filtered  solution,  and  the  residue  distilled,  collecting 
the  fraction  with  b.  p.  119-123"  (2  mm),  yield  23.8  g  (69.6%).  The  substance  has  the  following  constants  : 


B.  p.  121-122*  (3  mm),  n“  1.4646,  d^  1.1086,  MR^^  56.88;  calc.  55,85. 

Found  %:  C  57.56,  57.70;  H  7.04,  7.04.  CuHnOg.  Calculated  %:  C  57.88;  H  7.07. 

Literaturef5] ;  B,  p.  105*  (0.1  mm),  n*^  1.4781. 

The  substance  is  a  pale  yellow  liquid,  and  gives  an  intense  violet  color  with  an  alcohol  solution  of 
ferric  chloride;  when  vacuum -distilled  above  3-4  mm  it  is  converted  into  6-methyl-3-carbethoxy-a -pyrone. 
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3  -  O  X o  pc  II  t  f  n  -  1  -  y  I  III  .1 1  o  11  i  <  I’ s  t  c  r .  (i|>t.iiitccl  iiiuler  tlie  same  conditions  as  above  from  6  g  of 
magnesium,  40  g  ol  in.ilonii  cstci  and  V  g  oi  clliyl  -rliloroviiiyl  ketone,  using  125  ml  of  anhydrous 
alcohol  and  125  ml  ol  anliydrous  licnzenc.  tin  distillation  the  fraction  with  b.  p.  129-13(1"  (2  mm)  was 
collected,  yield  21.3  g  (44  ''/<>),  Tlie  substance  has  the  following  constants: 

B.  p.  130-134*  (2  mm),  n*J!)  1.4()11,  d^  1.085G,  MRp  fil.25,  calc.  00.47. 

|•ound  C  59.07.  59,30;  11  7.07,  7.09.  CuHigOs.  Calculated  C  59.51;  H  7.49, 

The  substance  is  a  yellowish  liquid,  and  gives  an  intense  cherry-red  color  with  ferric  chloride,  and 
easily  cleaves  alcohol  when  distilled. 

3-Oxohexen-l-ylmalonic  Ester.  Obtained  under  tlie  same  conditions  from  6  g  of  magnesium, 
40  g  of  malonic  ester  and  20  g  of  propyl  S -chlorovinyl  ketone,  using  125  ml  of  anhydrous  alcohol  and  125  ml 
of  anhydrous  benzene.  On  distillation  the  fraction  with  b.  p.  90-93*  (0.00  mm)  was  collected;  yield  30,0  g 
(03  7o).  The  substance  has  the  following  constants; 

B,  p.  90-93*  (0.00  mm),  n^  1.4581,  d*J  1,0494,  MRp  05.39;  calc.  65.09. 

Found  <70:  C  60.77,  60.55;  H  7.96,  7.82.  CuHzoOj.  Calculated  C  60.92;  H  7.87. 

The  substance  is  a  yellowish  liquid,  gives  an  intense  cherry-red  color  with  alcoholic  ferric  chloride 
solution,  and  cannot  be  distilled  without  change  at  pressures  above  1  mm. 

6-Phenyl-3-carbethoxy  -  g-pyrone.  The  reaction  of  6  g  of  magnesium,  40  g  of  malonic 
ester  and  33.3  g  of  phenyl  fl  -chlorovinyl  ketone  [6]was  run  under  the  conditions  described  above  (125  ml 
alcohol,  150  ml  benzene).  On  distillation,  accompanied  by  decomposition,  a  wide  fraction  with  b.  p. 

150-220*  (2-30  mm)  was  collected.  The  substance  crystallized  in  the  receiver.  The  crystals  were  separated 
and  recrystallized  from  a  mixture  of  benzene  and  petroleum  ether,  yield  16.7  g  (34,2  %),  m.  p.  106-106.5*. 

Found  <7o:  C  68.76,  69.08;  H  5.17,  5.00.  CuHaO^.  Calculated  <^o:  C  68.84;  H  4.95. 

Literature;  m.  p.  105-106*  [7],  105.5r-106,5*  [8]. 

6-Phenyl-3-carbethoxy-  a-pyrone  was  obtained  as  handsome  yellow  needles,  soluble  in  alcohol, 
ether  and  glacial  acetic  acid,  and  insoluble  in  water  and  petroleum  ether. 

6-Methyl-3-carbethoxy-a-pyrone.  A.  A  mixture  of  6.47  g  of  3-oxobutenylmalonic 
ester  and  5  ml  of  acetyl  chloride  was  boiled  for  2  hours  in  a  flask  under  reflux.  The  solution  after  cooling 
was  diluted  with  petroieum  ether,  the  crystals  filtered,  dried  in  vacuo  over  paraffin,  and  recrystallized 
from  water;  yield  2.7  g  (53%),  m.  p.  86*. 

Found  %:  C  59.24,  59.19;  H  5.30,  5.46.  CjHioO^.  Calculated  %;  C  59.34;  H  5.53, 

Literature  [5];  m.  p,  87*. 

6-Methyl-3-carbethoxy-  a-pyrone  was  obtained  as  colorless  crystals,  readily  soluble  in  benzene, 
ether  and  alcohol,  soluble  in  hot  water,  difficultly  soluble  in  cold  water,  and  insoluble  in  petroleum  ether. 

B.  A  mixtui’e  of  13.5  g  of  the  3-oxobutenylmalonic  ester  and  a  crystal  of  p-toluenesulfonic  acid  was 
slowly  heated  in  a  distillation  flask  to  210*,  in  which  connection  1.7  ml  of  alcohol  was  removed  by 
distillation.  The  residue  in  the  flask  was  cooled,diluted  with  petroleum  ether,  the  crystals  filtered,  and  then 
vacuum -dried.  The  yield  of  6-methyl -3-carbethoxy-a-pyrone  was  4.1  g  (38.3%). 

C.  A  mixture  of  6.2  g  of  3-oxobutenylmalonic  ester  and  5  drops  of  concentrated  hydrochloric  acid 
was  heated  for  30  minutes  on  the  boiling  water  bath,  after  cooling  diluted  with  petroleum  ether,  the 


precipitate  filtered,  and  dried.  Yield  of  G-inelliyl-.t-carbetlioxy-a-pyrone  S,3f)  g  (48  %). 


D.  A  mixture  of  7.01  g  of  3-oxobiitenylmaloiiir  ester  and  b  drops  of  concenuated  sulfuric  arid  was 
lieated  on  die  lx>iling  water  badt  for  2  liours.  After  treatment  similar  to  die  above  die  yield  of  6-methyl- 
3-carlietIioxy-  a-pyrone  was  3.  8  g  (()8  7o). 

G  -  E  t  li  y  1  -  3  -  c  a  rbethoxy  -  a-pyrone.  A  mixture  of  1G.2  g  of  3-oxopentenylmalonic  ester  and 
Ifi  ml  of  acetyl  chloride  was  fxiiled  for  2  hours,  the  acetyl  chloride  distilled  off,  and  the  residue  vacuum- 
distilled;  yield  12.G  g  (92<7o). 

M.  p.  1G2-1G3"  (7  mm),  n^f,  l.r)2Gri,  d^  1.17G7. 

round  C  GO.UG.  <50.88;  H  6.38,  6.40.  Ci„Htt04.  Calculated  %:  C  61.21;  M  6.17. 

The  substance  is  a  colorless  liquid,  and  is  miscible  with  the  ordinary  organic  solvents. 

G-Propyl-3-carbetiioxy-a-pyrone.  A  mixture  of  15.1  g  of  3-oxohexenylma  Ionic  ester 
and  10  ml  o7  acetyl  chloride  was  boiled  for  2  hours,  the  acetyl  chloride  distilled  off,  and  the  residue 
vacuum -distilled;  yield  8.6  g  (68 <70). 

B.  p.  16^166*  (6  mm);  n^J  1.5770;  d^  1.1285. 

Found  %:  C  62.88,  62.95;  11  6.83  6.88.  C11H14O4.  Calculated  <7*  C  62.84,  H  6.71. 

Tlie  substance  is  a  colorless  liquid,  and  is  miscible  with  the  ordinary  organic  solvents. 

SUMMARY 

1_  A  method  was  developed  for  the  synthesis  of  B -oxoalkenylmalonic  esters  of  type 
RC0CH=CHC1I(C0CC2H5)2  by  tlie  reaction  of  6 -chlorovinyl  ketones  with  ethoxymagnesiummalonic  ester 
(in  60-70<7o  yields). 

2.  It  was  shown  that  in  the  presence  of  acid  reagents  the  B  -oxoalkenylmalonic  esters  of  type 

RC0CH=CHCH(C00C2H5)2 

give  in  high  yield  the  6-alkyl-3-carbethoxy-  a-pyrones,  which  can  serve  as  a  convenient  method  for  their 
synthesis. 
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INDOLE  DERIVATIVES 


III.  SYNTHESIS  OF  6-HYDROXY-l,2;3.4-TETRAHYDROCARBAZOLE  DERIVATIVES 
N.  K.  Kochetkov,  N.  F.  Kucherova  and  V.  P.  Evdakov 


A  large  number  of  physiologically  active  substances  are  found  in  the  class  of  indole  derivatives. 
Eserine,  showing  strong  miotic  activity,  occupies  a  prominent  position  in  their  number.  It  is  known  at  the 
present  time  that  the  physiological  activity  of  eserine  is  associated  with  the  presence  of  a  metliyl  uretliane 
grouping  in  it  [1].  With  the  purpose  in  mind  of  elucidating  the  influence  of  changes  in  the  nucleus  of  tiie 
molecule  on  the  activity,  we  synthesized  the  tetrahydrocarbazole  analog  of  eserine,  namely  the  methyl 
urethane  of  6-hydroxy-9-methyl-l, 2,3, 4- tetrahydrocarbazole  (I). 

We  first  attempted  to  obtain  the  necessary  intermediate-the  corresponding  hydroxy  derivative  — 
by  using  the  method  recently  proposed  by  Tomlinson  [2]  for  the  synthesis  of  the  tetrahydrocarbazole 
nucleus,  involving  the  condensation  of  aromatic  amines  with  2-hydroxycyclohexanone.  For  diis  we  studied 
the  condensation  of  the  latter  with  p-anisidine;  however,  under  the  conditions  described  by  Tomlinson  we 
failed  to  obtain  positive  results.  In  this  connection  we  devoted  some  time  to  an  elucidation  of  whether  the 
Tomlinson  method  was  suitable  for  the  synthesis  of  tetrahydrocarbazole  derivatives  in  general.  The  authors 
recommend  running  the  reaction  under  the  conditions  of  heating  the  amine  with  the  hydroxycyclohexanone 
in  the  presence  of  small  amounts  of  hydrochloric  acid;  then  the  tetrahydrocarbazole  derivatives  should 
be  formed.  When  we  ran  this  condensation  with  p-toluidine,  p-anisidine  and  p-phenetidine  the  properties 
of  the  reaction  products  isolated  by  us  from  the  reaction  mixture  did  not  correspond  to  the  properties  of 
tetrahydrocarbazole  derivatives.  A  study  of  the  obtained  substances  revealed  that  they  are  noncyclic 
condensation  products,  and  namely  2-arylaminocyclohexanones  (II). 
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Such  a  decision  as  to  their  structure  was  supported  by  the  fact  diat  they  form  hydrazones,  and  when 
hydrolyzed  witli  dilute  liydrocliloric  acid  they  revert  back  to  tlie  aromatic  amine  and  hydroxycyclohexanone. 
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As  a  result,  the  Tomlinson  method  in  tJic  form  given  by  the  authors  is  unsuitable  for  the  synthesis  of  tetra- 
hydrocarbazoles.  Similar  conclusions  are  to  be  found  in  a  recent  paper  by  some  British  authors  [3],  and  also 
in  the  last  paper  of  Tomlinson  himself  [4]. 

Nevertlieless,  tite  condensation  of  aromatic  amines  with  hydroxycyclohexanone  to  give  tetrahydro- 
carbazole  derivatives  can  lx:  accomplished  if  the  hydrochloric  acid,  recommended  by  the  indicated  autlior 
as  tite  condensing  agent,  is  replaced  by  phosphorus  oxychloride.  In  tliis  case,  if  tlie  reaction  is  run  at 
ISO-IGO*,  using  the  necessary  amount  of  oxychloride,  the  tetrahydrocarbazole  derivatives  (III)  can  be 
isolated.  However,  the  yields  of  the  latter  are  small  (10-30 *7o)  and  fluctuate  from  experiment  to  experiment, 
for  which  reason  tliis  method  can  hardly  possess  preparative  significance. 

In  view  of  our  unsuccessful  attempt  to  obtain  the  needed  6-hydroxy-9-tnethyl-l,2,3,4-tetrahydro- 
carbazole  through  the  hydroxycyclohexanone,  we  selected  a  different  route  for  its  syntliesis.  This  compound 
was  obtained  using  the  earlier  known  Fischer-Borsche  reaction,  and  then  was  converted  into  our  needed 
metliyl  uretliane  by  die  scheme: 
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The  condensation  of  p-ethoxyphenylhydrazine  with  cyclohexanone  in  die  presence  of  sulfuric  acid 
gave  6-etiioxy- 1,2,3, 4-tetrahydrocarbazole  (IV),  which  when  reacted  with  methyl  iodide  in  acetone  was 
converted  to  the  9-methyl  derivative  (V).  The  latter  was  saponified  by  treatment  with  concentrated  hydro- 
bromic  acid  at  elevated  temperature.  It  is  interesting  to  mention  that  here  the  hydroxy  derivative  (VI) 
separated  first  as  the  hydrobromide.  Salts  of  tetrahydrocarbazole  are  practically  unknown,  and  the  formation 
of  such  a  salt  in  the  given  case  was  evidently  the  result  of  the  drastic  reaction  conditions  employed. 
Treatment  of  die  phenol  (VI)  with  methyl  isocyanate  in  benzene  gave  us  the  desired  methyl  urethane  (I). 
Treamient  of  (VI)  widi  dimethylcarbamoyl  chloride  gave  the  corresponding  dimethyl  urethane  (VII).  Bodi 
compounds  are  being  tested  in  the  Pharmacological  Section  of  our  Institute,  the  results  of  which  will  be 
communicated  in  another  place. 

EXPERIMENTAL 

Condensation  of  2  -  Hy  drox  y  cy  c  loh  e  x  a  no  ne  With  p-Toluidine.  A  mixture  of 
10  g  of  p-toluidine,  10.6  g  of  2- hydroxycyclohexanone  and  2  drops  of  concentrated  hydrochloric  acid  was 
heated  for  S  minutes  in  an  oil  bath  at  14S-15S®;  the  mixture  was  cooled  and  the  obtained  crystalline 
substance  was  washed  widi  a  small  amount  of  cold  metlianol.  Recrystallization  from  methanol  gave  9.4  g 
(SO?))  of  substance  as  colorless  needles  with  m.  p.  109-111“. 


Found  N  7.14,  7.00.  CuHjtON.  Calculated  N  6.89. 

The  comfwund  is  readily  soluble  in  benzene  and  ether,  and  difficultly  soluble  in  alcohol. 

The  Pheny  Ihydrazone  was  obtained  from  1  g  of  substance  and  0.57  g  of  phenylhydrazine  with 


heating  far  30  minutes  on  tlie  Ixjiling  water  bath.  The  crystalline  substance  was  filtered,  and  after  recrystalllza- 
tion  from  alcohol  a  colorless  substance  with  m,  p.  OG-GS"  was  obtained. 


round  '’/)•  N  14.27,  14.36.  CJ9II23N3.  Calculated  %;  N  14.24. 

tlydrolys i s .  Two  grams  of  tlie  condensation  product  in  20  ml  of  20%  hydrochloric  acid  was  boiled 
for  30  minutes,  cooled,  made  alkaline  with  soda,  extracted  twice  with  etlier,  the  ether  extracts  dried  over 
sodium  sulfate,  dry  hydrogen  chloride  passed  into  the  etlier  extract,  and  the  crystals  filtered.  We  obtained 

l. 3  g  (92%)  of  substance  witli  m.  p.  234-236",  failing  to  depress  the  melting  point  when  mixed  with 
p-toluidine  hydrochloride. 

Condensation  of  p-Anisidine  With  2  -  H  y  dro  x  y  c  y  c  loh  ex  a  no  n  e.  A  mixture  of  10  g 
of  p-anisidine,  9.26  g  of  2-hydroxycyclohexanone  and  2  drops  of  concentrated  hydrochloric  acid  was  heated 
in  an  oil  bath  for  8  minutes  at  145-166".  The  obtained  substance  was  recrystallized  from  methanol,  and  then 
from  ethyl  acetate,  to  give  5.5  g  (30%)  of  substance  as  plates  with  m.  p.  104-105*. 

Found  %:  C  71.36,  71.40;  H  6.70,  6.56;  N  6.70,  6.56.  CuHitOjN.  Calculated  %:  C  71.20;  H  7.81; 

N  7.81. 

The  Phenylhydrazone  was  obtained  in  the  same  manner  as  above;  after  recrystallization  from 
alcohol  it  was  obtained  as  yellow  crystals  with  m.  p.  124-125*. 

Found  %:  N  13.51,  13.37.  CigHjjONj.  Calculated  %:  N  13.63. 

Hydrolysis  of  1  g  of  the  condensation  product  by  the  above-described  method  gave  0.8  g  (72%)  of 
p-anisidine. 

6- Methyl- 1,2,3,  4-tetrahydrocarbazole.  A  mixture  of  2.15  g  of  the  hydroxycyclohexanone, 
2  g  of  p-toluidine  and  2  drops  of  phosphorus  oxychloride  was  heated  for  10  minutes  in  an  oil  bath  at  150-160*, 
cooled,  the  crystals  filtered,  and  after  recrystallization  from  methanol  1.31  g  (34%)  of  substance  was 
obtained  as  colorless  needles  with  m.  p.  142-143*.  Its  mixed  melting  point  with  an  authentic  sjjecimen  of 
6-metliyl- 1,2, 3, 4-tetrahydrocarbazole  was  not  depressed. 

Literature  for  6-methyl-l, 2, 3, 4-tetrahydrocarbazole  [5];  m.  p.  141-142*. 

8  - Methyl-1, 2, 3, 4-tetrahydrocarbazole.  The  reaction  of  2. 15  g  of  the  hydroxycyclohexanone 
witli  2  g  of  o-toluidine  and  2  drops  of  phosphorus  oxychloride  was  run  as  indicated  above;  after  the  usual 
treatment  and  recrystallization  from  metlianol  the  yield  of  8-methyl-l, 2,3, 4-tetrahydrocarbazole  was  1.3  g 
(34%),  m.  p.  94-96*. 

Its  mixed  melting  point  with  an  authentic  specimen  of  8-methyl- 1,2, 3, 4-tetrahydrocarbazole  was  not 
depressed. 

Literature  for  8-methyl- 1,2, 3, 4-tetrahydrocarbazole  [6]:  m.  p.  98", 

8-Carboxy-l, 2, 3, 4-tetrahydrocarbazole,  Tlie  reaction  of  2  g  of  die  hydroxycyclohexanone, 
2,4'g  of  anthranilic  acid  and  2  drops  of  phosphorus  oxychloride  was  run  the  same  as  indicated  above;  after 
recrystallization  from  methanol  the  yield  of  8-carboxy- 1,2,3, 4-tetrahydrocarbazole  was  0.7  g  (18%). 

m.  p.  196- 198*. 

Its  mixed  melting  point  with  an  authentic  specimen  of  8-carboxy-l, 2,3, 4-tetrahydrocarbazole  was  not 
depressed. 

Literature  for  8-carboxy-l, 2,3, 4-tetrahydrocarbazole  [7];  m.  p.  200-201*. 

6-Ethoxy- 1,2, 3, 4-tetrahydrocarbazole.  A  mixture  of  23.5  g  of  p-ethoxyphenylhydrazine 
[8]  and  15,6  g  of cyclo'hexanone  was  cautiously  li^ted’oTi  the  boiling  water  bath  for  3-5  minutes,  then  350  ml 
of  dilute  sulfuric  acid  (1:9)  was  added,  and  the  reaction  mixture  was  boiled  for  1  liour.  The  substance 
separating  after  cooling  was  recrystallized  from  aqueous  methanol  (1:1)  to  give  22.5  g  (63%)  of  substance  with 
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ni.  p.  102-103.5*. 


Literature  f6r  G-etJioxy-l,2,3,4-tetrahydrocarbazole  [8]:  m.  p.  102-104°. 

G-Ethoxy-9- methyl-  1, 2,3,4  - tetrahyclrocarbazole.  A  mixture  of  15  g  of  6-ethoxy- 
1,2,3,4-tetrahydrocarbazole  in  75  ml  of  acetone,  45  g  of  potassium  hydroxide  as  GG'/n  solution,  and  45  g  of 
metliyl  iodide  was  heated  with  vigorous  stirring  at  tlie  boil  for  2  hours.  The  reaction  mass  was  poured  into 
water,  and  the  crystals  were  filtered.  Recrystallization  from  methanol  gave  13  g  (82*70)01  substance, 
crystallizing  as  yellow  plates  with  m.  p,  89-90*. 

Found  *7,:  N  6.30,  6.40.  C13H19ON.  Calculated  °loi  N  6.11. 

G-Hydroxy-9-methyl-l,2,3,4-tetrahydrocarbazole.  1  gof  9- methyl- 6-ethoxy- 
1,2,3,4-tetrahydrocarbazole  and  5  ml  of  concentrated  hydrobromic  acid  (d  1.47)  was  heated  in  a  sealed 
ampul  in  an  oil  batli  at  160-165“  for  2  hours.  Then  the  hydrobromic  acid  was  vacuum -distilled;  the  residue 
was  dissolved  in  anhydrous  alcohol,  ether  was  added,  and  the  substance  separating  as  an  oil  rapidly 
crystallized.  The  crystals  of  the  hydrobromide  were  filtered,  m.  p.  176-177°  (witli  decompn.).  Yield 
1.1  g.  The  hydrobromide  was  treated  with  an  alcohol  solution  of  0.22  g  of  potassium  hydroxide.  The 
potassium  bromide  precipitate  was  filtered,  and  the  alcohol  solution  was  treated  with  an  equal  volume  of 
water.  On  standing  0.53  g  of  substance  crystallized,  which  after  two  recrystallizations  from  aqueous 
methanol  (1:1)  had  m.  p.  101-102°. 

Found  <7o:  N  6.74,  6.85.  CuHigON.  Calculated  <7o:  N  6.96. 

6-Hydroxy-9-methyl-l,2,3,4-tetrahydrocarbazole  Methyl  Urethane.  A  mixture 
of  2  g  of  6-hydroxy-9-methyl-l,2,3,4-tetrahydrocarbazole  in  15  ml  of  anhydrous  benzene,  1-2  mg  of 
sodium  and  2  g  of  methyl  isocyanate  [9]  in  6  ml  of  anhydrous  benzene  was  let  stand  at  room  temperature  for 
three  days.  The  precipitate  obtained  after  standing  was  filtered,  and  after  two  recrystallizations  from 
anhydrous  alcohol  we  obtained  1.9  g  {lA°}o)  of  substance  as  colorless  needles  with  m.  p.  167-168°. 

Found  <7o:  C  69.93,  70.08;  H  7.11,  7.15;  N  10.64,  10.85,  C^HtgOzNa.  Calculated  %:  C  69.70;  H  7.02; 

N  10.84. 

6  -  Hy  droxy-9  -  me  thy  1- 1, 2 , 3 , 4- te  trahy  drocarbazole  Dimethyl  Urethane.  A 
mixture  of  0.5  g  of  6-hydroxy-9-methyl-l,2,3,4-tetrahydrocarbazole  and  1.5  g  of  dime  thy  Icarbamoyl 
chloride  [10]  in  5  ml  of  pyridine  was  heated  for  3  hours  in  an  oil  bath  at  140-145°;  the  reaction  mixture 
was  evaporated  in  vacuo  to  dryness,  treated  twice  with  10  ml  portions  of  water,  and  again  evaporated 
in  vacuo.  The  residue  was  treated  with  20  ml  of  10*70  potassium  hydroxide  solution  and  extracted  three 
times  with  ether.  The  ether  extracts  were  dried  over  sodium  sulfate,  and  the  ether  was  removed  by  distillation. 
The  obtained  yellow  crystalline  substance  was  recrystallized  from  methanol  to  give  0.3  g  (44*7))  of  substance 
as  yellow  needles  with  m.  p.  151-153°, 

Found  *7o:  C  70.84,  70.18;  H  7.57,  7.32;  N  10.32,  10.34.  CjjHzoOjNj.  Calculated  *70:  C  70.76;  H  7.40; 

N  10.28. 


S  UMM ARY 

1.  Two  substituted  urethane  derivatives  of  6-hydroxy-9-methyl-l,2,3,4-tetrahydrocarbazole,  analogs 
of  eserine  in  the  te  trahy  drocarbazole  series,  were  obtained. 

2.  It  was  shown  that  the  condensation  of  aromatic  amines  with  2-hydroxycyclohexanone  in  die 
presence  of  hydrochloric  acid  does  not  yield  tetrahydrocarbazole  derivatives.  Instead  the  corresponding 
2-arylamlnocyclohexanones  are  obtained.  The  tetrahydrocarbazole  derivatives  can  be  obtained  in  small 
yields  if  phosphorus  oxychloride  is  used  as  the  condensing  agent  in  this  reaction. 
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REACTIONS  OF  HYDRAZINE  DERIVATIVES 


XII.  REACTION  OF  ft -DIALKYLAMINO  KETONES  WITH  HYDRAZINE 
V.  V.  Ershov,  A.  N.  Kost  and  A.  P.  Terentyev 


In  a  previous  communication  [1]  we  had  described  the  preparation  of  3-arylpyrazolines  by  reacting 
tlie  hydrochlorides  of  B -diethylaminopropiophenones  with  hydrazine  hydrate  in  the  presence  of  alkali.  With 
this  metliod  we  obtained  3-phenyl-  (I),  3-p-tolyl-  (II),  3-p-isopropylphenyl-  (III),  and  3-p-methoxyphenyl- 
pyrazoline  (IV). 

In  the  present  study  we  extended  tlie  reaction  to  the  aliphatic  aromatic  ketones  for  the  purpose  of 
studying  its  rules  and  to  obtain  pyrazolines  that  are  difficultly  accessible  by  other  methods.  It  was  revealed 
that  the  fl -aminopropiophenones,  having  different  substituents  in  both  the  ring  and  at  the  a-carbon  atom 
of  the  side  chain,  readily  enter  into  this  reaction.  In  the  latter  case  reaction  with  hydrazine  leads  to  the 
formation  of  3-aryl-4-alkylpyrazoiines. 


R' 

I 

Ar-C-CH-CH2N{R")2  H2NNH2  •  H2O 


Ar-, - R'. 

- »  N  I 

-H,0,  HNRj  \^/ 
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The  reaction  is  not  noticeably  iniluenced  by  the  presence  of  alkyl  and  alkoxyl  groups  in  the  nucleus. 
The  yields  remain  high  (Table,  compounds  II-VI)  and  only  in  the  presence  of  branching  are  they  reduced 
somewhat;  thus,  3-p-isopropylphenylpyrazoline  (III)  was  obtained  in  75*70  yield  and  3-(2,5-dimethylphenyl) 
pyrazoline  (VII)  in  64*70  yield.  On  the  other  hand,  the  presence  of  a  nitro  group  in  tlie  ring  sharply  lowers 
the  yield  of  the  pyrazoline  (VIII)  to  56.9*70.  The  3-aryl-4-alkylpyrazolines  (IX-XII)  are  obtained  in  lower 
yields  than  the  3-arylpyrazolines,  i.e.,  tire  presence  of  a  side  chain  somewhat  hinders  the  reaction  course. 
The  yield  of  the  pyrazoline  decreases  with  increase  in  tlie  length  of  the  side  chain.  Thus,  it  dropped  from 
87^0  ill  tlie  case  of  3-phenyl-4-methylpyrazoline  (IX)  to  68*7o  in  the  case  of  3  -phenyl-4-butylpyrazoline 
(XII). 

In  die  principle  the  5-substituted  derivatives  can  also  be  obtained  with  the  given  mediod,  but  with 
greater  difficulty  than  the  geni-(4,4-or  5,5-)  disubstitiited  pyrazolines,  since  replacement  of  the  amino 
group  in  ft -amino  ketones  proceeds  more  easily  witii  the  ipi"rmediate  formation  of  a  double  bond  [2].  This 
has  been  shown  by, Synder  and  co-workers [3] on  the  example  of  reacting  phenylhydrazine  with  6-dimetliyl- 
arnino-of,  a-diinediylpropiophenone. 

All  of  the  obtained  3-aryipyrazolines  begin  to  decompo.se  after  several  minutes  in  the  air;  however, 
they  keep  well  for  a  long  time  under  water.  The  inuoduction  of  substituents  in  the  4  position  substantially 
increases  the  stability  toward  the  action  of  atmosplieric  oxygen.  !-or  example,  the  4-ethyl  and  4-hutyl- 
pyrazolines  can  be  kept  in  the  air  for  a  day  and  longer. 


Tlie  obtained  pyrazolines  were  characterized 
as  the  solid  1-nitro  derivatives.  The  bacteriological 
tests  •  revealed  that  l-nitroso-3-p-tolylpyrazoline 
in  vitro  inhibits  tlie  growth  of  the  human  tubercle 
bacillus  only  at  a  concentration  of  1:2000.  The 
compound  operates  in  a  similar  manner  on  Micro- 
sporum  (1:8000),  Trichophyton  (1:4000)  and 
Achorion  (1:8000).  This  compound  is  not  effective 
on  actinomycetes,  yeastlike  fungi,  acid-resistant 
saprophytes  (in  a  concentration  of  1:1000),  and  also 
on  abdominal  typhus  and  dysentery  bacteria  and 
coccus  bacilli  (in  a  concentration  of  1:2000), 
l-Nitroso-3-p-methoxyphenylpyrazoline  is  even 
less  active.  It  is  ineffective  on  the  tubercle 
bacillus  (1:1000)  and  shows  only  slight  activity 
against  the  fungi:  Microsporum  (1:1000),  Tricho¬ 
phyton  (1:2000)  and  Achorion  (1:2000). 

We  obtained  tlie  starting  S -amino  ketones  by  the  Mannich  reaction  from  the  corresponding  ketones. 

The  data  in  tlie  literature  are  extremely  contradictory  as  to  the  optimum  conditions  for  running  this  reaction, 
as  well  as  to  the  use  of  various  secondary  amines.  It  can  be  seen  that  each  series  of  ketones  requires  its  own 
special  set  of  conditions.  It  was  found  that  the  acetophenones,  containing  different  substituents  in  the  ring, 
are  easily  condensed  with  diethylamine  hydrochloride  and  paraform  when  they  are  boiled  in  ethyl  alcohol. 
However,  the  butyrophenones  under  these  conditions  form  the  8 -diethylamino  ketones  in  low  yield  [4].  We 
were  also  unable  to  obtain  high  yields  when  the  reaction  was  run  in  dioxane  and  in  butyl  alcohol.  Dimethyl- 
amine  hydrochloride  in  dioxane  medium  gives  with  the  butyrophenones  and  paraform  the  corresponding 
8  -amino  ketones  in  70-75%  yields;  however,  when  the  reaction  is  run  in  ethyl  alcohol  the  yield  of  the 
a-dimethylaminomethylbutyrophenones  drops  to  40%.  In  tills  case  the  formation  of  the  8 -amino  ketones 
strongly  depends  on  the  temperature  of  running  the  reaction.  There  are  indications  that  in  a  number  of  cases 
[5]  diethylamine  shows  slight  activity  in  the  Mannich  reaction,  which  is  in  agreement  with  our  observations. 

EXPERIMENTAL 

Preparation  of  Ketones.  The  method  of  Mowry  and  co-workers  [6]  was  used  to  prepare  the 
ketones  by  the  Friedel-Crafts  reaction,  which  involved  running  the  reaction  in  carbon  tetrachloride  medium 
in  tile  presence  of  aluminum  chloride  at  0-5*.  It  was  found  that  under  these  conditions  the  ketones  are 
obtained  in  good  yields  not  only  with  acetyl  chloride,  but  also  with  the  chlorides  of  propionic,  butyric  and 
caproic  acids.  With  this  method  we  obtained:  p-methylacetophenone,  b.  p.  110"  (12  mm),  yield  93%; 
p-ethylacetophenone,  b.  p.  113-114*  (12  mm),  yield  91%;  p-isopropylacetophenone,  b.  p.  120-12T  (10  mm), 
yield  90%;  2,5-dimethylacetophenone,  b.  p.  80"  (3  mm),  yield  80%;  p-methoxyacetophenone,  m.  p.  38-39", 
yield  84%;  p-ethoxyacetophenone,  b.  p,  136"  (10  mm),  yield  73%;  propiophenone,  b.  p.  85*  (7  mm),  yield 
77%;  butyrophenone,  b.  p.  74*  (3  mm),  yield  80%;  p- methylbutyrophenone,  b.  p.  88-89"  (3  mm),  yield  78%; 
2,5-dimethylbutyrophenone,  b.  p.  98-99*  (4  mm),  yield  86%;  and  caprophenone,  b.  p,  124-125*  (9  mm), 
yield  807o.  Hydrocinnamoyl  chloride  under  these  conditions  gives  indanone  in  81%  yield.  m-Nitroaceto- 
phenone  was  obtained  by  the  nitration  of  acetophenone. 

Mannich  Bases,  a)  A  mixture  of  0.5  mole  of  ketone,  0.5  mole  of  diethylamine  hydrochloride, 

18  g  of  finely-ground  paraform  and  40  ml  of  ethyl  alcohol  was  boiled  for  4-6  hours.  If  die  solution  failed  to 
become  clear,  tlien  1  ml  of  concentrated  hydrochloric  acid  was  added  and  the  boiling  continued  another 
2-3  hours.  The  mixture  was  diluted  with  3  volumes  of  water,  washed  with  ether,  made  alkaline,  and  the 
free  amino  ketone  extracted  with  ether,  which  was  isolated  as  tlie  salt  by  passing  hydrogen  chloride  through 
the  dry  ether  solution,  and  then  vacuum-dried.  The  yield  of  8 -diethylamiiio-p-ethoxypropiophenone 

•  Tlie  testing  was  done  by  S.  N.  Milovanova  in  the  S.  Ordzhonikidze  All-Union  Scientific-Research 
Chemical- Pharmaceutical  Institute. 


Com¬ 

pound 

No. 

Ar 

R' 

Yield 

Pyra- 

zollnc 

(in%) 

(I) 

C.iH, 

H 

89 

(ID 

p.CH,C,H, 

H 

93 

(III) 

P-(CH;,)2CHC,H, 

H 

75 

(IV) 

P-CH,0C„H4 

H 

86 

(V) 

p-C.,H.,OC,;H, 

H 

88 

(VI) 

P-C,H,C,;H4 

H 

80 

(Vil) 

P-2,5-(CH,)2CoH;, 

H 

64 

(VIII) 

m-NO.,C«ri, 

H 

56.9 

(IX) 

CHi 

87 

(X) 

C..H5 

73.2 

(XI) 

PCH3C6H4 

C2H5 

63 

(XII) 

C4H0 

68 

Iiydrorliloride  was  fi(!  in,  p.  of  S -dlciliylainino-p-ethy)propiophenoiie  liydrorliloride  GG  m.  p. 

I"L’" ;  and  of  S -dictliylainiiio-2,ri-dimetliylpropioplierioiic  liydroclilorlde  60'^),  ni,  p.  110-112™. 

h)  A  inixlnre  of  0.2  mole  of  I<etonc,  0.2r>  mole  of  dimetliylamiiie  hydrochloride,  7  g  of  paraform  and 
20  ml  of  dioxane  was  boiled  for  h  Iioiirs.  'I'he  amino  ketone  was  isolated  in  the  same  manner  as  described 
alxive,  distilling  off  tlic  excess  dimethylaminc  with  part  of  the  ether,  llie  yield  of  a -dim  etfiylami  nomethyl - 
propiophenone  hydrochloride  was  GT'/o,  m.  p.  ir.G-lGT  (literature:  m.  p.  153-154'  (4]);  of  a-dimctliylamino- 
methylhiityrophenone  hydrochloride  IW'jo,  m.  p.  142’"  (literature:  m,  p.  142.5'  [7]);  of  a-dimethylamino- 
methyl-p-methylbutyropheiione  hydrochloride  77, G%,  m.  p,  179°;  and  of  a-dimethylaminometliylcaprophenone 
liydrochloride  72  <7ii,  m.  p.  129'. 

8  -Dicthylamino-m-nitropropriophenone  was  obtained  by  the  earlier  described  [8]  method,  m,  p.  124°. 
literature:  m.  p.  122"  [81. 

3-  p  -  E  t ho  X  y  ph  en  y  1  py  ra  7,0  1  i  n e  (  V  ).  To  a  mixture  of  20  ml  of  hydrazine  hydrate,  10  ml  of 
40%  sodium  liydroxide  solution  and  25  ml  of  methyl  alcohol  with  healing  and  vigorous  stirring  was  added 
dropwise  in  one  hour  a  solution  of  27  g  of  8 -dielliylamiuo-p-ethoxypropriophenone  hydrochloride  in  50  ml 
of  metliyl  alcohol,  and  the  mixture  was  boiled  another  liour.  After  distilling  off  the  methyl  alcohol  in  vacuo 
(in  a  nitrogen  stream)  the  3-p-etlioxyphenylpyra7,oliue  deposited  as  a  crystalline  mass,  which  was  washed 
witli  water  to  remove  any  free  hydrazine.  Yield  88%,  rn.  p,  82-85°. 

To  obtain  tlie  N-nitroso  derivative  a  solution  of  17  g  of  pyrazoline  (V)  in  2N  hydrochloric  acid  was 
treated  with  cooling  with  a  concentrated  solution  of  sodium  nitrite.  The  obtained  l-nitroso-3-p-ethoxy- 
phenylpyrazoline  was  recrystallized  from  methyl  alcohol.  Yield  19  g  (9G%),  m.  p.  142-143’. 

round  C  60.3  8,  60.37;  H  6.19,  6.14,  CuHuOjNa.  Calculated  %:  C  60.35;  H  5.97. 

l-Butyryl-3-p-ethoxyphenylpyrazoline  was  made  by  the  addition  of  butyryl  chloride  to  a  benzene 
solution  of  3-p-etlioxyphenylpyrazoline  (V)  in  the  presence  of  2N  alkali  solution  with  subsequent  heating  for 
30  minutes.  The  dry  benzene  solution  was  evaporated,  the  residue  dissolved  in  acetone,  and  water  added  to 
precipitate  crystals,  which  were  then  recrystallized  twice  from  acetone.  Yield  54%,  m.  p.  106.5-10T . 

round  %:  C  69,12,  69.15;  H  7.85,  7.89,  CisHjoOjNj.  Calculated  %:  C  69.20;  H  7,75. 

3-p-Ethylphenylpyrazoline  (VI).  Obtained  by  the  method  descrited  for  pyrazoline  (V). 

Yield  807j,  m.  p.  47-49°.  N-Nitroso  derivative,  m.  p.  106". 

round  C  65.22,  65.25;  H  6.62,  6.60.  CnHuON,.  Calculated  %C  65,00;  H  6.46. 

l-Acetyl-3-p-ethylphenylpyrazoline,  m.  p.  81°  (from  ether). 

round  %;  C:  71.91,  71.95;  H  7.30,  7.30.  CigHijONj.  Calculated  %;  C  72.18;  H  7.46. 

3-(2,5-[)imethylphenyl)pyrazoline  (VII).  Obtained  in  the  same  manner,  but  isolated 
after  distilling  off  the  solvent  as  a  thick  oil  v/ith  b.  p.  137°  (3  mm),  u^q  1,5943,  yield  64.1%.  N-Nitroso 
derivative,  m.  p.  112°. 

round  %:  C  64.95,  64.89;  M  6.74,  6.79,  CnHuONj.  Calculated  %:  C  65.00;  H  6.46. 

3  -  m  -  N  j  troph  enylpyrazoli  ne  (VIII).  Obtained  in  the  same  manner  as  (V).  Yield  56.9%, 
m.  p.  1  12-115°.  N-Nitroso  derivative,  m.  p.  139°. 

round  %;  C  49.34,  49,39;  H  3.84,  3.90.  C9lIg03N4.  Calculated  %:  C  49.09;  II  3.66. 

3  -  Phe  ny  1  -  4  -  m  e  thy  Ipyra  zo  1  ine  (IX).  Obtained  in  the  same  manner.  Yield  87%;  rn.  p. 

109-1  IT*.  N-Nitroso  derivative,  m,  p.  90°  (from  aqueous  alcohol), 

round  %:  C  63.59,  63.70,  II  6.08,  6.  10,  O10H11ON3.  Calculated  %:  C  63,50,  H  5.86. 


3  -  P he  iiy  1  -  e  ill  y  1  p y  r a  zo  1  i  nc  (  X  ) .  (Ihiained  in  the  same  manner  as  (V),  but  after  distilling  off 
tlie  solvent  tite  residue  was  extrac  ted  witli  eflier.  The  ether  solution  was  dried  over  potasli,  the  ether  distilled 
off,  and  llie  residue  vacuum-distilled  (in  a  nitrogen  stream).  Yield  73.2'7<),  b.  p.  127-129* ••  (b  mm),  m.  p, 
40-42*,  n  p  1,3893.  N-Nitroso  derivative,  m.  p.  81*  (from  petroleum  ether  or  aqueous  alcohol), 

Pound  <7,-:  C  63.23  ,  63.23;  M  6.64,  6.67.  C:„Hi3llN3.  Calculated  C  63.00;  II  6.46. 

N-Phcnylcarbamido  derivative,  m.  p.  123*  (from  alcohol). 

1-011118  <7.;  N  14.40,  14.47,  CijHigONj.  Calculated  <7o:  N  14.33. 

3  -  p  -  To  1  y  1  -  4  -  e  thy  Ip  y  r  a  zo  1  i  ne  (XI).  Obtained  in  the  same  manner  as  (X).  Yield  63<7o, 
b.  p.  140-  14~1*  (3  mm),~n^~.3290,  d*4  0.9748,  MRp  59.36;  calc.  37,68'7o  •;  EMp  1.88,  According 
to  tlie  data  of  Auwers  flO],  EMp  for  various  3-phenylpyrazolines  varies  from  +1.7  to  +1.9. 

The  N-benzoyl  derivative  was  obtained  by  benzoylation  witli  benzoic  anhydride  in  benzene  solution. 
M.  p.  103*  (from  petroleum  etlier). 

Pound  C  77.73,  77.79;  H  7.03,  7.08.  C19H20ON2.  Calculated  C  78.03;  M  6.89. 

3-Plienyl-4-butylpyrazoline  (XII).  Obtained  in  tlie  same  manner  as  (X).  Yield 
b.  p.  130—  131*  (3  mm),  m.  p.  36-38*.  n^  1.3689.  N-Nitroso  derivative,  m.  p.  68*  (from  alcohol). 

Found  ‘7o:  C  67.39,  67.63;  H  7.58,  7.62.  C13H17ON3.  Calculated  %:  C67.30;  H  7.41  . 


SUMMARY 

1.  The  aminomethylation  of  a  number  of  alkyl  aryl  ketones  gave  the  corresponding  6 -dialkylamino 
ketones,  which  when  reacted  with  hydrazine  hydrate  were  converted  into  3-arylpyrazolines  in  good  yields. 

2.  The  possibility  of  using  this  method  to  synthesize  3-aryl-4-alkylpyrazolines  was  shown. 
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•  7he  refraction  for  =N-N-  was  taken  equal  to  3.871  |91. 

••  Original  Russian  pagination.  See  C.B.  Translation. 
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SYNTHESES  WITH  ACRYLONITRILE 


XXX.  SOME  1-SUBSTITUTED  PYRROLIDINES  AND  PIPERIDINES 
A,  P.  Terentyev  and  A,  N.  Kost 


By  reacting  dialkylaminoalkylamines  with  succinic  anhydride  and  subsequent  reduction  witii  lithium 
aluminum  hydride,  Rice,  Grogan  and  Reid  [1]  synthesized  a  number  of  l-dialkylaminoalkylpyrrolidines,  the 
methiodides  of  which  show  hypotensive  action. 

Earlier  one  of  us  [2]  had  described  the  synthesis  of  l,3-di(N-piperidyl)-propane,  based  on  the 
cyanoethylation  of  piperidine  with  subsequent  reduction  of  the  obtained  aminonitrile  and  further  reaction 
of  the  formed  diamine  with  1,5-dibromopentane. 


In  the  present  study  a  number  of  1-dialkylaminopropylpyrrolidines  or  piperidines  were  synthesized  in 
a  similar  manner  (starting  from  secondary  amines,  acrylonitrile  and  1,4-  or  1,5-dibromides); 


RaNCHjCHzCHjNH,  +  BrCH,(CHi)n  CH,Br 


/CH, 

-RzNCHjCHjCHjN  y{CHt)n. 
^CH, 


n  =  2,  3. 


The  cyanoethylation  of  2,4-dimethylpyrrole  gave  8 -(2,4-dimethyl- 1-pyrrolyl)  propionitrile,  from 
which  by  reduction  over  skeletal  nickel  we  were  unable  to  isolate  the  corresponding  diamine  (propylamine 
and  2,4-dimethylpyrrolidine  were  obtained  in  small  yield). 


EXPERIMENTAL 

1,4-Dibromobutane  was  obtained  by  the  treatment  of  1,4-butanediol  with  bromine  and  red  phosphorus. 
Yield  89%,  b,  p.  79  —  80’  (7  mm);  n*D  1.5199.  1,5-Dibromopentane  was  obtained  in  the  usual  manner  from 
benzoylpiperidine.  B.  p.  Ill  —  112*  (20  mm),  n^  1.5178.  The  careful  addition  of  0.2  mole  of  freshly 
distilled  methyl  iodide  to  a  solution  of  0.1  mole  of  l,3-di(N-piperidyl)  propane  f2]  in  50  ml  of  dry  ether 
with  subsequent  heating  for  20-30  minutes  under  reflux  gave  the  dimethiodide  of  l,3-di(N-piperidyl)  propane, 
m.  p.  300°(from  alcohol). 


Found  %:  N  5.59,  5.64.  CisHajNzal*.  Calculated  %;  N  5.67. 

l-(N-Pyrrolidyl)-3-(N-piperidyl)propane.  A  mixture  of  9.5  g  of  l-(  y  -aminopropyl) 
piperidine  [2,  3],  18  g  of  1,4-dibromobutane,  35  ml  of  benzene  and  11  g  of  potash,  moistened  widi  several 
drops  of  watet,  was  boiled  with  stirring  for  8  hours.  Then  20  ml  of  a  40%  aqueous  sodium  hydroxide  solution 
was  added  and  the  amine  and  benzene  were  steam-distilled  into  hydrochloric  acid.  The  benzene  was 
separated  from  the  distillate,  washed  twice  with  5%  hydrochloric  acid,  the  water  layer  and  acid  extracts 
evaporated,  the  residue  decomposed  with  alkali,  extracted  with  edier,  and  after  drying  over  fused  potassium 
hydroxide,  distilled.  The  yield  of  l-(N-pyrrolidyl)-3-(N-piperidyl)  propane  was  9.6  g  (70%). 

B.  p.  131.5-132"  (11  mm);  n*^  1,4830,  d^"  0.9183,  MR^  60.96;  calc.  61.09. 

Found. %:  C  73.40,  73.49;  H  12.29,  12.40.  C12H24N2.  Calculated  %;  C  73.53;  H  12.34. 
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The  dlplcrate  was  obtained  by  mixing  ether  solutions  of  the  diamine  and  picric  acid.  After  re- 
crystalllzatlon  from  alcohol,  m.  p.  176.5*. 

Dimetliiodide,  m.  p.  305*  (from  alcohol). 


Found  <7o:  N  5.89,  5.96.  CJ4H30N2IJ.  Calculated  N  5.83. 

l-Dlethylamlno-3-(N-pyrrolldyl)propane.  Obtained  in  a  similar  manner  from  9.2  g 
of  l-diethylamino-3-aminopropane  [4]  and  18  g  of  1,4-dibromobutane.  Yield  6.0  g  (48%),  b.  p.  74* 

(3  mm);  n”  1.4577;  d*^  0.8530,  MRp  58.88;  calc.  58.74. 

Dlplcrate,  m.  p.  165.5*  (from  alcohol). 


Found  %!  N  17.36,  17.41.  *  2CJH3O7N3.  Calculated  %:  N  17.44. 

Dimethiodide,  m.  p.  272.5*  (decompn.,  from  alcohol). 

1-Die  thylami  no -  3-  (N  -plperidy.l)  propane.  Obtained  from  the  same  diamine,  but  with 
1,5-dibromopentane.  Yield  027o,  b.  p.  124*  (i7  mm),  iip  1.4740. 

Dlplcrate,  m,  p.  150*  (from  alcohol). 

Found  %;  C  43.81,  43.88;  H  4.83,  4.99.  CuH^Nj  *  2CeH307N3.  Calculated  %;  C  43.90;  H  4.91. 

l-Dibutylamin6-3-(N-piperidyl)propane.  8  -Dibutylaminopropionitrile  (b.  p.  135’  at  20  mm 
[5])wasreduced  with  sodium  in  butyl  alcohol  to  l-dibutylamino-3-aminopropane  (yield  60  %,  b.  p.  119-120* 
at  19  mm  [6]).  From  19  g  of  this  diamine  and  23  g  of  1,5-dibromopentane  we  obuined  14  g  (56%)  of 
l-dibutylamino-3-(N-piperidyl)  propane. 

B.  p.  140*  (1  mm).  167-168*  (14  mm),  n^  1.4610,  d^  0,8551,  MRp  81.65;  calc.  81.75. 

Found  %:  N  11.06,  11.15.  C16H34N2.  Calculated  %  N  11.01. 

Dipicrate,  m.  p.  171-172*  (from  alcohol). 

2,4-Dimethyl-l-(2’-cyanoethyl)  pyrrole.  To  a  solution  of  13  g  of  2,4-dimethylpyrrole 
b.  p,  163-164’  and  751  mm,  n^p  1.4890)  in  50  ml  of  dioxane  was  added  0.2  ml  of  Rodionov  catalyst  (an 
alcohol  solution  of  trimethylphenylammonium  ethoxide)  and  then  with  vigorous  stirring  was  added  10  ml  of 
acrylonitrile  in  0.5  hour.  The  temperature  of  the  mixture  was  maintained  at  about  40*,  at  first  by  heating, 
and  then  by  cooling  with  water.  After  adding  the  acrylonitrile  the  reaction  mass  was  stirred  (at  40*)  another  4 
hours,  then  it  was  cooled  to  room  temperature  and  poured  into  200  ml  of  water.  Then  the  mass  was  acidified 
(to  Congo)  with  acetic  acid,  the  floating  oil  extracted  with  either,  the  ether  extract  dried  over  potash,  the 
ether  distilled  off,  and  the  residue  vacuum -distilled.  At  first  the  unreacted  2,4-dimethylpyrrole  distilled 
(b.  p.  90-94*  at  55  mm),  and  then  12  g  (58%)  of  2,4-dimethyl- l-(2*cyanoethyl)  pyrrole. 

B.  p.  152-  153*  (18  mm),  ng  1.5048;  d^  0.9878,  MRp  44.48;  calc.  44.29. 

Found  %:  N  19.08,  19.19.  C9H12N2.  Calculated  %:  N  18.90. 

SUMMARY 

The  reduction  of  8 -dialkylaminopropionitriles  gave  the  corresponding  diamines,  which  with  tetra-or 
pentaniethylene  dibromide  were  converted  into  the  corresponding  1-substituted  pyrrolidines  or  piperidines. 
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PREPARATION  OP  TETRAETHYLAMMONIUM  BASES  FOR 
POLAROGRAPIIIC  PURPOSES  ON  AN  ANIONITE 

M.  N.  Platonova 


In  a  number  of  cases  for  the  polarographing  of  organic  compounds  it  is  necessary  to  use  ground 
electrolytes,  the  reduction  potentials  of  which  lie  in  a  region  more  negative  than  -  1.8  v.  The  quaternary 
ammonium  compounds:  tetramethyl-,  tetraethyl-  and  tetrabutylammonium  halides  and  tlieir  corresponding 
bases,  show  such  a  reduction  potential.  In  organic  chemistry  these  salts  are  synthesized  from  tertiary  amines 
and  alkyl  halides. 

For  exact  polarographic  measurements,  and  specifically:  to  determine  Ei/j,  the  number  of  electrons, 
participating  in  the  electrochemical  reaction,  and  the  diffusion  coefficient,  it  is  preferable  to  operate  in 
solutions  tliat  possess  buffer  properties,  and  for  this,  together  with  the  salts,  it  is  necessary  to  make  use  of  the 
bases  of  quaternary  ammonium  compounds.  These  bases  are  usually  obtained  from  the  salts  by  treating  them 
with  moist  Ag2  O,  i.e.  a  method  that  requires  a  large  consumption  of  silver  nitrate. 

In  die  present  study  to  obtain  bases  suitable  for  polarographic  purposes  we  employed  the  process  of 
converting  tetraethylammonium  chloride  on  an  anionite. 

For  this  It  was  necessary  to:  1)  determine  the  conditions  under  which  the  tetraethylammonium  base 
could  be  obtained  when  using  an  anionite,  and  2)  study  the  suitability  of  the  obtained  base  for  the  preparation 
of  a  polarographic  ground. 

A  large  number  of  papers  have  been  published  in  the  literature  on  die  subject  of  the  exchange  of 
inorganic  compounds  on  anionites  [1,  2],  but  comparatively  little  data  exists  on  the  behavior  of 
anionites  toward  salts  containing  organic  radicals. 

It  was  established  that  anionites  liberate  hydroxyl  ions  in  solution,  exchanging  them  for  Cl’  or  SO4’  ’ , 
in  which  connection  the  exchange  capacity  of  anionites  with  respect  to  the  hydroxyl  ion  depends  to  a 
considerable  degree  on  their  basicity.  The  weakly  basic  anionites,  not  dissociating  in  a  medium  with  a  high 
pH,  show  slight  exchange  of  the  OH',  whereas  the  strongly  basic  anionites  do  not  lower  their  activity  even 
in  alkaline  solutions  [3]. 

For  our  studies  we  used  2  specimens  of  Anionites  AN-2F  and  EDE- 10.  Preliminary  experiments  revealed 
that  Anicnite  AN-2F  isnot  suitable  for  diese  purposes,  and  consequently  the  further  work  was  done  with  Anionite 
EDE-10,  showing  strongly  basic  properties. 


EXPERIMENTAL 


In  our  work  die  column  containing  the  anionite  had  a  height  of  300-500  mm  and  a  diameter  of  14  mm. 
The  studies  were  run  at  18*.  The  anionite  was  saturated  with  OH'  ions  by  treatment  widi  either  0.75-1.00M 
KOH  or  NaOH  solution.  After  diis  die  column  was  thoroughly  eluted  from  excess  regenerating  solution  to 
negative  reaction  for  alkali.  The  wash  waters  after  the  anionite  were  polarographically  tested  for  the  absence 
of  alkali  metal  ions. 


A  Gorkovsky  Model  M-7  polarograph  and  a  M-21  galvanometer  widi  a  scale  sensitivity  of  0.91-  10-®amp/ii 
was  employed  to  polarograph  the  solutions  at  a  distance  of  1.5  m.  'Hie  cylindrical,  not  constricted 
capillary  liad  die  following  characteristics:  t  =  3.5  sec.,  L  =  ni  ^3  t  6=  1.99  mg  s-scc.  *  at 


zero  potential,  and  lengtli  11. 2r)  c:u. 


In  die  study  we  used  tetraetliylatnnionium  chloride  solutions  ranging  in  concentraiion  from  0,7r>-0.].SN, 
which  due  to  hydrolysis  showed  a  weakly  acid  reaction.  More  liighly  concentrated  solutions  were  nor  studied, 
since  here  insufficient  exchange  on  anionites  is  observed.  F'or  polarographic  piirpxjses  grounds  are  usually 
used,  containing  quaternary  ammoniutn  compounds  in  the  concentration  limits  of  0.3-0. 0 IN. 

The  experiments  were  run  under  the  following  conditions:  The  height  of  the  anionite  layer  was  300  mm 
and  die  filtration  rate  was  about  1  nil/cn’*  •  min.;  100  ml  of  solution  was  passed  through  die  column  and 
10  ml  samples  were  taken  after  die  anionite.  The  alkalinity  and  chlorine  content  in  each  fraction  were 
detennined  by  titration. 

The  experimental  results  are  shown  in  Fig.  1-3,  where  the  yield  curves  after  the  anionite  are  given. 

In  all  of  the  Figures  Curve  1  refers  to  the  sum  of  OH*  and  Cl*  after  die  anionite,  expressed  in  equivalents; 
Curve  2  shows  the  change  in  Cl*  concentration;  and  Curve  3  shows  the  change  in  die  CH*  concentration 
after  the  anionite  layer. 

The  more  concentiated  die  solution,  the  more  rapid  is  die  passage  of  die  chloride  ion  and  the  sharper 
is  die  maximum  on  the  yield  curve,  showing  the  change  in  the  hydroxyl  ion  concentration  after  the  anionite. 
The  most  complete  exchange  under  the  given  conditions  is  observed  at  a  tetraethylammonium  concentration 
of  0.15N  (Fig.  3).  In  this  case  the  salt  is  almost  completely  converted  (100-90'yo)  into  the  base. 

Higher  concentration  of  the  base  can  be  obtained 
by  careful  evaporation  of  this  solution  or  by  taking 
the  first  fractions  of  the  filtrate  when  the  more 
concentrated  solutions  (0.33N,  see  Fig.  2)  are 
passed  through  the  anionite.  When  this  is  done  it 
is  possible  to  convert  the  salt  to  the  base  in  the 
first  portions  of  the  filtrate  to  the  extent  of  80-70%, 
When  the  solution  concentration  is  0.75N  the 
conversion  to  the  base  in  the  individual  fractions 
is  at  best  only  40%. 

To  enhance  the  exchange  effect  we  ran 
some  experiments  with  a  higher  anionite  layer. 

The  yield  curve  for  the  experiment,  run  in  the 
same  column,  but  with  a  layer  height  of  530  mm 
and  a  salt  solution  concentration  of  0.33N,  is 
shown  in  Fig.  4,  On  this  curve  an  increase  in  the 
passage  rate  of  the  chloride  ion  proceeds  more 
slowly,  and  die  yield  percent  in  the  individual 
fractions  rises  to  87%  (compare  with  the  curve  in 
Fig.  2,  where  at  a  concentration  of  0.33N  and  an 
anionite  layer  height  of  300  mm  the  yield  is  equal 
to  80%.) 

'  From  this  experiment  it  can  be  seen  that  an  increase  in  the  length  of  the  layer  naturally  increases 
die  yield  of  base  after  the  column;  however,  a  column  with  a  greater  height  of  the  layer  is  washed  free  of 
die  regenerating  solution,  i.e.,  of  KOH  or  NaOH,  with  extreme  difficulty.  The  absence  of  alkali  metal  ions 
is  especially  important  for  polarographic  purposes,  since  these  impurities  can  give  waves  in  the  range  of 
potentials  ranging  from  -1.8  to-2.4  v.  Consequently,  in  some  cases  it  is  preferable  to  collect  more  dilute 
solutions  after  the,  column,  but  free  of  alkali  metal  ion  impurities. 

The  last  portions  of  die  filtrate,  in  which  the  passage  of  the  salt  is  already  subsuntial,  can  be  passed 
a  second  time  through  the  anionite  or  they  can  be  used  directly  for  the  preparation  of  buffer  mixtures. 

The  polarogram  of  one  of  the  filtrates  after  the  anionite  (at  a  0,02M  concentration  in  a  mixture 
containing  .50%  ethyl  alcohol)  is  shown  in  Fig.  5  (Curve  1),  from  which  it  can  be  seen  that  with  the  given 
measurement  sensitivity  a  noticeable  contamination  by  the  ions  of  alkaU  metals  is  not  observed. 


Number  of  filtrate  fraction 

Fig.  1.  Yield  curve  after  die  anionite  (concentration 
of  (C2Hg)4HCl  0,75  N,  height  of  layer  300  mm). 

1)  total  CDntent  of  Cl'  and  OH',  2)Cr  content 
3 )OH' content,  4)g-equiv.  4)Number  of  the  filtrate 
fraction. 
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iZ3i*56789  to  11 
Number  of  filtrate  fraction 


1231*56189  10 
Number  of  filtrate  fraction 


Fig,  2,  Yield  curve  after  the  anionite  (concentra-  Fig.  3.  Yield  curve  after  the  anionite  (concentra¬ 
tion  of  (C2H5)4NC1  0,33  N,  height  of  layer  300  mm),  tion  of  (C2H5)4NC1  0,15  N,  height  of  layer  300  mm). 


231*56789  10 
Number  of  the  filtrate  fraction 


Potential  in  volts  (relative 
to  the  ground) 


Fig.  4.  1  Yield  curve  after  the  anionite  (concentration  Fig.  5.  Polarogram  of  the  solution  after  the  anionite, 
of  (C2H5)4  NCI  0.33N,  height  of  layer  530  mm). 

Curve  2  in  Fig.  5  gives  the  wave  for  potassium,  introduced  into  this  solution  after  the  anionite  as  KCl 
(concentration  0,0005M). 

In  the  present  study  we  used  a  column  with  a  diameter  of  14  mm;  in  case  of  need  its  dimensions  can  be 
increased  for  treating  larger  volumes  of  liquids. 

SUMMARY 

1.  It  was  established  tliat  dilute  solutions  of  the  tetraethylammoniuin  base  can  be  obtained  from  its 
chloride  on  Anionite  EUE-10. 

2.  The  most  complete  conversion  to  the  base  is  achieved  at  a  salt  concentration  in  die  solution  of  0.15  N. 

3.  Substantial  contamination  by  alkali  rnetal  ions  is  not  observed  here,  and  the  solutions  of  the  base 
are  suitable  for  polarographic  purjxises  at  potentials  more  negative  than  -1.8  v. 
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IX.  UIMirrinT,DIPin:NYLTI'TRAZi:Nl'  and  TtlTUAMETIlYLTI-TRAZl-NE  AS 
SOURCES  OF  FREE  RADICALS  WITH  A  REACTION  CENTER  ON  THE 
NITROGEN  Al’OM 

B.  L.  E  r  usa  1  i  111  s  k  y  ,  B.  A.  Dolgoplosk  and  A.  1’,  Kavunenko 

In  numerous  investigations,  devoted  to  a  study  of  free  radical  reactions  in  a  condensed  phase, 
comparatively  little  attention  has  been  given  to  free  radicals  witli  a  reaction  center  on  the  nitrogen,  sulfur 
or  o.xygen  atoms,  tlie  behavior  of  whicli  in  many  chemical  reactions  can  strongly  differ  from  the  alkyl  and 
aryl  free  radicals.  Of  such  •  heteroradicals  "  tlie  radicals  of  the  type  RO  •  have  been  studied  most  completely, 
while  the  radicals  RS  *  and  RNR  have  lieen  studied  to  a  lesser  degree.  In  the  present  study  we  give  tlie  first 
data  obtained  by  us  in  studying  the  free  radicals  with  a  reaction  center  on  the  nitrogen  atom.  Tlie  information 
given  in  tlie  literature  relative  to  free  radicals  of  tne  RNR  type  is  associated  for  the  most  part  with  a  study 
of  tile  aryl-substituted  hydrazines,  which  from  the  time  of  Wieland’s  studies  became  the  subject  of  numerous 
investigations.  The  basic  purpose  of  the  indicated  studies  was  to  determine  the  stability  of  hydrazine 
derivatives  and  of  the  free  radicals  formed  in  tiieir  dissociation  as  a  function  of  tlie  nature  of  the  substituents 
on  the  N-atoms.  The  most  convenient  sources  of  this  type  of  free  radicals  are  the  tetiazenes,  v;hich  decompose 
when  heated  in  solution  in  accord  with  the  equation: 


Ri . 

Ri 

Ri\ 

--^2  >• 

.N- 

-N  N— N^ 

•  N,. 

R./ 

Ri 

R-/ 

Ill  tile  studies  of  Wieland  1 1]  and  of  some  other  authors  [2,  B],  devoted  to  a  stiuly  of  the  decomixisitioti 
products  of  tetrazenes  in  various  media,  it  is  concluded  that  the  free  radicals  foriiic.d  during  tlie  reaction  loiirsc 
show  disproportionation,  for  example: 


Cr,H,  C„H,  C.iH,. 

2  N- - »-  ,NH  I  N 

CH;,  CH,  CH, 


The  question  as  to  the  pos  ilnlity  of  the  free  radicals  reacting  with  the  solvcni  or  of  their  being  involved 
in  other  reactions  is  not  discussed  in  tiic  indicated  studies  and  in  later  investigations  j  l].  The  results  obtained 
in  tlie  present  study  sliov/  that  rtidicals  of  the  RNR  type  arc  extremely  active  in  tlie  reactions  for  tlie  cleavage 


;I0 1 


of  tlic  II  atom  Iroiii  liyt.lroiMrlx)ii  itiolcoiilcs,  adcliiioii  to  a  vinyl  ilonhlc  1)01kI,  and  iliosc  capable  of  initiating 
l^olynieriz-ation.  f)n  the  example  ol  dinictliyldiphenylteira/,ene  we  csiablislicd  tlie  monotnolecular  nature  of 
the  decomposition  sliown  by  tetra/.enes  when  heated  in  solution,  whicli  ensues  from  the  fact  tliat  the  reaction 
rate  constant  is  independent  of  the  tctrazenc  concentration  ('i’able  .md  I'ig.  J). 

The  energy  of  activation  lor  tliis  reaction,  calculated  from  the  kinetics  data  using  the  Arrlienius 
cc|iiation,  is  3:t  kcal./tnole.  Thermally,  tetrametliyltetrazenc  is  much  more  stable.  At  IhO'’  this  compound 
shows  very  slow  decomposition  in  solution.  The  rate  constant  for  tlie  decomixisition  of  tetramctliyitetra/.ene 
in  isopropylbenzene  solution  at  MV  and  a  concentration  of  0.7  mole"/,  is  O.bt)  •  10  ~  sec.  ~  • 

Tlie  ability  of  free  radicals  with  a  reaction  center  on  tlie  nitrogen  atom  to  initiate  polymerization  was 
shown  on  the  example  of  the  system  styrene-dimethyldiphenyltetrazene  (l  ig.  2). 


We  established  the  ability  of  alkylnitrogen  radicals  to  react  with  saturated  and  unsaturated  liydrocarbons 
on  the  basis  of  studying  die  thermal  decomposition  products  of  tetramediyltetrazene  in  isopropylbenzene  and 
in  a-niediylstyrene.  The  main  reaction  products  in  die  first  case  are  dimethylamine  (92.3  <7o  yield)  and 
dicunienyl,  i.  e,,  2,3-dimediyl-2,3-diphenylbutane  (43.9%  yield).  The  high  yield  of  dimethylamine  and  the 
formation  of  dicumenyl,  being  the  result  of  two  consecutive  reactions  (3)  and  (4),  indicate  diat  the  basic 
source  for  the  formation  of  dimediylamine  must  be  considered  to  be  not  the  disproportionation  of  the  free 
dimethylnitrogen  radicals  (Reaction  (2)),  but  the  cleavage  of  an  H  atom  by  these  radicals  from  isopropyl¬ 


benzene: 


Fig.  1.  Kinetics  for  the  thermal  decomposition  of 
dimethyldiphenyltetrazene  in  isopropylbenzene  solution. 

1  —  140*,  conen.  0.37  mole  %;  2-  130°,  conen.  0.69 
mole  %;  3  -  120*,  conen.  18.00  mole  %;  4  -  120”, 
concii.  0.63  mole  %;  5  —  120”,  conen.  6.07  mole  %. 
TABLE 


Rate  Constants  For  Thermal  Decomposition  Reaction  of 
Dimethyldiphenyltetrazene  in  Isopropylbenzene  .Solution 


Exptl.  temp. 

Tetrazene  cone, 
(mole  %) 

K  -  10^ 
sec."^ 

120” 

0.65 

2.1 

120 

6.07 

2.2 

120 

18.00 

2.7 

130 

0.69 

6.5 

140 

0.57 

16.7 

Fig.  2.  Kinetics  for  die  polymerization  of 
styrene  in  the  presence  of  dirnethyldiphenyl- 
tetrazene  at  85”  in  a  nitrogen  atmosphere, 

1  —  without  the  tetrazene,  2—  0,324  mole  %of  the 
tetrazene.  3  Yield  of  polymer  (in  %). 

Proceeding  from  the  fact  that  the  disproportionation 
reaction  is  associated  with  the  formation  of  equivalent 
amounts  of  saturated  and  unsaturated  componerL':, 
it  can  be  concluded  that  as  an  extreme  84.6%  of 
die  dimethylamine  (of  die  theoretical)  was  formed 
specifically  as  die  result  of  Reaction  (3),  •  This 
fact  places  the  dimediylnitrogen  radical  in  the 
class  of  die  more  active  free  radicals  of  the  type 
of  methyl  and  phenyl,  showing  their  greatest 
reaction  capacity  in  the  acts  of  rupturing  an  11 
atom  from  hydrocarbons.  The  absence  of  a 


•  This  conclusion  follows  from  die  assumption  diat  the  fraction  of  the  alkylnitrogen  radicals  diat  did  not 
show  up  as  dimediylamine  (i.  e.,  7.7%  of  the  theoretical),  participated  in  die  disproportionadon  reaction 
and  led  to  die  formadon  of  the  unsaturated  component.  If  such  a  postulation  is  valid,  then  diis  amount  of 
dimethylaniine  (7.7'7'')  was  formed  by  Reaction  (2). 
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sufficiently  (  otnplcte  agrecnteiii  hctwccn  the  yields  of  dimetliyl.iinine  and  dicninenyl  is  apparently  associated 
with  the  fact  that  tlie  cnnicnyl  free  radicals,  formed  hy  Reaction  (3),  participate  togetlier  wiili  the  recombina¬ 
tion  and  acts  (4)  in  tlic  disproportionation  reaction,  oitlicr  with  each  otlier  or  with  the  dinicthylnitrogen  free 
radicals.  'I’liat  such  reactions  are  probable  is  indicated  by  tlie  presence  of  nnsatnrated  compounds,  established 
in  tlie  reaction  mixture,  formed  as  tlic  result  of  letrametliyltetra/.enc  decomposition  in  isopropylbenzene. 

The  disproportionation  reaction  is  the  predominant  reaction  lor  certain  radicals  of  the 


CfilisC- 


ClIzU 


CM, 


type,  in  tlieir  structure  close  to  that  of  the  cnmenyl  free  radical,  which  was  .sliown  in  studying  the  reaction 
products  of  a-nietliylstyrene  with  the  free  radical  (ClF3)2Ct;N,* 

When  the  thermal  decomposition  of  tetramethyltetrazene  was  run  in  a -methylstyrene  medium  we 
established  tliat  absolutely  no  dimetliylaminc  is  formed  under  these  conditions.  The  dimethylnilrogcn  free 
radicals  arising  in  tlie  decomposition  of  the  tetrazene  react  quantitatively  with  the  vinyl  double  Ixnids  ol 
of-metliylstyrene.  As  a  result,  in  tliis  case  also  the  dimethylnitrogen  radicals  show  a  behavior  titat  is 
completely  analogous  to  the  methyl  free  radicals,  which  under  siinilar  conditions  are  quantitatively  ensnared 
by  a-metliylstyrene.  The  contplete  absence  of  dimethylamine  in  the  decomposition  products  of  tetramethyl- 
tetrazene  in  a -methylstyrene  indicates  tliat  in  the  given  case  the  free  dimetiiylnitrogen  radicals  completely 
fail  to  show  disproportionation. 


EXPERIMENTA  L 

Synthesis  of  Tetrazenes,  The  tetrazenes  were  synthesized  using  tlie  method  described  by 
Eischer  [2],  namely  by  tlie  oxidation  of  tlie  corresponding  disubstituted  unsymmetrical  hydrazines  witli  yellow 
mercuric  oxide. 

a)  Dimethyldiphenyltetrazene.  The  starting  methylphenylhydrazine  was  obtained  by  the 
reduction  of  nitrosomethylaniline  with  zinc  dust  in  acetic  acid.  The  oxidation  of  11  g  of  the  methylphenyl¬ 
hydrazine  gave  5  g  of  the  tetrazene  (43,4%  yield),  m.  p.  138°  (in  the  literature  137“  [2]). 

Pound  C  fl9.88.  G9.92;  H  7.41,  7.31.  CMH16N4.  Calculated  %:  C  70.0;  H  6.67. 

b)  Tetramethyltetrazene.  The  oxidation  of  50  g  of  dimethylhydrazine  gave  25  g  of  the 
tetrazene  (5(K,!)  yield),  b.  p.  74“  at  llT)  mm. 

Pound ';5:  N  47.93.  48.14.  C4{lj2N4.  Calculated'?,.:  N  48.30. 

Decomposition  Kinetics  of  Tetrazenes.  The  thermal  decomposition  rate  of  the  tetrazenes 
was  determined  from  the  amount  of  nitrogen  evolved  during  reaction.  To  absorb  the  dimethylamine,  formed 
in  tlie  decomposition  of  tetramethyltetrazene,  a  trap  containing  acid  was  placed  ahead  of  the  gas  burette. 

Polymerization  of  Styrene.  The  polymerization  experiments  were  run  in  a  nitrogen 
atmosphere  liTampuls  with  graduated  necks.  Tlie  rate  of  the  polymerization  proce-ss  was  calculated  from  the 
degree  of  contraction. 

Study  of  the  Tetramethyltetrazene  Decomposition  Products.  The  thermal 
decomposition  of  tetramethyltetrazene  was  run  in  accord  with  the  metliod  described  earlier  for  tlie  triazenes 

(31. 

a)  A  .solution  of  8  g  of  the  tetrazene  in  130  g  of  i.sopropylbenzene  (concentration  of  the  tetrazene  6.5 
mole  '?«)  was  decomposed  at  145*.  The  reaction  was  run  until  ni&ogen  evolution  ceased  (36  hours).  Most 
of  die  dimethylamine  was  absorbed  in  two  traps  containing  3N  sulfuric  acid  and  connected  in  series.  To 
effect  more  complete  removal  of  the  amine  from  the  reaction  mixture  die  latter,  on  conclusion  of  reaction, 
was  blown  with  nitrogen  for  5-6  hours  at  l;l()“.  The  amount  of  dimethylamine  in  the  traps,  based  on  the 

•  The  data  on  the  reaction  of  the  nietliyl  and  dimethylcyanomethyl  free  radicals  with  a- methylstyrene  were 
oblained  in  our  laboratory  by  E.U.  Milovsky. 


titratioii  data,  was  5.03  g  (SC.^/nof  the  theoretical).  The  dime  thy  lam  ine  was  characterized  as  tlie  mercury 
derivative.  To  obuin  tlie  latter  a  sulfuric  acid  solution  of  the  amine  was  made  alkaline,  and  the  evolved 
free  amine  was  bubbled  through  a  dilute  solution  of  mercuric  chloride  in  anhydrous  ethyl  alcohol  [6].  After 
recrystallization  from  boiling  ethyl  alcohol  the  mercury  derivative  was  analyzed  by  titration  for  the  amount 
of  amine. 

Found  %;  C2H7N.  14.15,14.46,  QH^HgCla.  Calculated  C2H7N.  14.24, 

Based  on  the  titration  data,  the  amount  of  amino  derivatives  in  the  hydrocarbon  phase  corresponded 
to  17.6%  of  tlie  theoretical.  The  reaction  mixture  was  washed  with  water,  and  the  water  extract  was 
established  to  contain  0,76  g  of  dirnethylamine,  which  was  characterized,  as  the  mercury  derivative.  The 
total  yield  of  dirnethylamine  was  5.79  g(92.3%).  The  water-insoluble  amino  derivatives,  present  in  the 
hydrocarbon  phase  in  small  amount,  were  removed  by  washing  with  dilute  hydrochloric  acid.  From  the  acid 
solution  we  isolated  0.02  g  of  oily  substance,  having  an  amine  character,  which  was  not  studied  further. 

From  the  hydrocarbon  layer  after  distilling  off  the  solvent  we  isolated  7.36  g  of  2,3-dimethyl-2,3diphenyl- 
butane  (dicumenyl).  M.  p.  118.5-119*  (in  the  literature  120“  [7]).  Yield  43.9%.  In  a  separate  sample  of 
the  reaction  mixture,  not  subjected  to  the  above  treatment,  we  established  by  hydrogenation  in  alcohol 
solution  over  palladium  the  presence  of  unsaturated  compounds.  The  amount  taken  for  the  hydrogenation 
was  1.9840  g.  The  amount  of  hydrogen  absorbed  was  13.1  m!  (NTP). 

b)  A  solution  of  0.176  g  of  tetramethyltetrazene  in  18.2  g  of  a-methylstyrene  (concentration  0,8  mole  %) 
was  decomposed  at  145*.  The  evolved  gas  was  pure  nitrogen.  Dirnethylamine  was  absent  in  both  the  gas  and 
liquid  phases.  The  reaction  products  present  in  the  hydrocarbon  phase  were  not  investigated. 

S  UMMARY 

1.  The  kinetics  for  the  thermal  decomposition  of  dimethyldiphenyltetiazene  in  isopropyl  solution  was 
studied,  the  energy  of  activation  for  this  process  was  calculated,  and  it  was  shown  that  the  decomposition  of 
the  tetrazene  proceeds  by  a  monomolecular  mechanism. 

2.  The  high  activity  of  the  dimethylnitrogen  free  radical  was  established:  a)  in  the  reaction  for 
H-atom  cleavage,  and  b)  in  the  reaction  for  addition  to  a  vinyl  double  bond. 
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THE  PREPARATION  OP  NITRATES  OI'  TETRASUBSTITUTEU 
PIIOSPIIONIUM  AND  ARSONIUM  BASES 


G.  V.  Medoks  and  E.  M.  Soshestvenskaya 


The  nitrates  of  tetrasiibstitnted  phosphonium  and  arsoniuni  bases  can  be  used  both  in  analytical 
chemistry  [1]  and  to  obtain  binary  salts  with  the  nitrates  of  the  rare  earth  elements  [2],  sttongly  differing, 
in  a  niunber  of  cases,  in  solubility  and  showing  different  melting  points,  and  even  being  salts  of  the  neighboring 
lanthanides. 

Usually  tliese  nitrates  are  obtained  by  the  neutralization  of  the  free  bases  with  nitric  acid,  obtained  in 
turn  by  the  direct  reaction  of  the  halides  with  a  suspension  of  silver  oxide  in  water,  or  as  the  end  result  of  the 
exchange  decomposition  of  the  halides  of  the  bases  with  silver  nitrate,  and  in  individual  cases  —  with  nitric 
acid  [3-7]. 

Taking  into  consideration  the  poorer  solubility  of  certain  nitrates  of  the  tetrasubstituted  phosphonium  and 
arsonium  bases  in  water,  when  compared  with  the  corresponding  chlorides  and  bromides,  and  the  extremely 
good  solubility  of  ammonium  nitrate  and  tlie  halides,  to  obtain  tlie  nitrates  of  these  tetrasubstituted  bases 
we  used  tJie  metliod  of  reacting  hot  concentrated  solutions  of  ammonium  nitrate  and  either  the  bromides  or 
chlorides  of  the  tetraarylphosphonium  and  tetraarylarsonium  bases.  The  use  of  ammonium  nitrate  in  amounts, 
exceeding  by  2-2.5  times  tlie  amount  theoretically  required  by  the  reaction  equation,  assured  obtaining  close 
to  tiieoretical  yields  of  the  pure  nitrates. 

The  proposed  mediod  can  also  be  used  for  tlie  preparation  of  other  similar  salts. 

EXPERIMENTAL 

Triphenylbenzylphosphonium  Nitrate  (C5H5)8(  C5H5CH2)PN03.  We  synthesized  triphenyl - 
benzylphosphonium  chloride  (yield  of  pure  product  81<yo)  [7],  serving  as  the  starting  product  for  the  preparation 
of  the  nitrate,  by  heating  triphenylphosphine,  obtained  by  the  Pfeiffer  method  as  improved  by  Ya,  Ya.  Dodonov 
and  G.  V.  Medoks  [6],  with  benzyl  chloride  on  the  water  bath. 

A  solution  of  6  g  of  triphenylbenzylphosphonium  chloride  in  15  ml  of  boiling  water  was  treated  with  a 
boiling  solution  of  2.6  g  ammonium  nitrate  in  5  ml  of  water.  The  obtained  heavy  oily  liquid  soon  crystallized. 
After  one-hour  heating  on  the  water  bath  the  reaction  products  were  cooled  to  room  temperature.  The  crude 
triphenylbenzylphosphonium  nitrate  was  crushed  widi  a  spatula,  filtered  under  reduced  pressure,  and  washed 
twice  with  water  (3  ml  portions).  Then  it  was  recrystallized  from  115  ml  of  boiling  water,  suction-filtered 
from  the  cooled  mother  liquor,  the  needlelike  crystals  washed  with  water  (3  and  5  ml  portions),  and  finally 
it  was  dried  in  a  vacuum -desiccator  over  sulfuric  acid.  Yield  of  pure  salt  5.71  g.  Another  0.31  g  of  the  same 
substance  was  isolated  from  the  mother  liquor.  Total  yield  of  nitrate  93.9'7o, 

Tetraphenylphosphonium  Nitrate  (CrI15)4  PNG,.  The  surting  tetraphenylphosphonium 
bromide  \/as  obtained  from  phenylmagnesiuin  bromide  and  phosplionis  trichloride  [8].  A  .solution  of  12  g  of 
aniiydrous  tetraphenylphosphonium  bromide  in  40  ml  boiling  water  was  treated  with  a  hot  solution  of  5.7  g  of 
ammoiiiiun  nitrate  in  10  ml  of  water,  Tlie  oily  liquid,  collecting  on  the  bottom  of  the  flask,  crystallized. 

'J'iie  reaction  products  were  allowed  to  stand  for  24  hours.  Then  Uie  solid  substance  was  comminuted,  filtered 
under  reduced  pressure,  washed  with  cold  water,  and  finally  rccrystallizcd  from  toiling  water.  After  removing 


tlic  cold  inotlicr  liquor  l)y  siiciion-lillrJiioii  ilic  piodiu  l  was  washed  twice  with  cold  water  and  then  dried  in  a 
vacuiim-dcsiccatorovcr  snlfnri'*  acid.  Yield  of  pure  salt  11.01  g  (90. 1"/.). 

Triplicnylhenzylarsoiii  iini  Nitrate  ((:ell5Cn2)  AsNO,,. 

Triphcnyllicnzylarsoninin  bromide  was  obtained  from  triphenylarsine  [9]  and  lienzyl  bromide  by  heating  on 
the  water  batli  in  a  carlxtn  dioxide  aunosphcrc.  precipitation  of  the  salt  with  dietliyl  etlier,  and  its  recrystalliza¬ 
tion  from  boiling  ethyl  alcohol  with  tlic  subsequent  addition  of  diethyl  ether. 

A  solution  of  tlie  above  mentioned  bromide  (ll.b  g  )  in  42  ml  of  liot  water  was  treated  widi  a  hot  solution 
of  4.8  g  of  ammoniuin  nitrate  in  9  ml  of  water.  Tlie  oily  liquid  obtained  here  crystallized  immediately. 

After  a  day  the  solid  product,  consisting  of  the  triplienylbenzylarsonium  nitrate,  was  crushed,  filtered  under 
reduced  pressure,  washed  twice  with  water  (2  ml  portions),  and  placed  in  a  vacuum -desiccator;  The  crude 
substance  (10.87  g  )  was  extracted  4  times  with  lieating,  first  with  water  (30  ml),  and  tiien  with  the  mother 
liquor,  remaining  after  the  extract  was  cooled  and  the  needlelike  crystals  of  triplienylbenzylarsonium  nitrate 
isolated  from  it.  Tlie  crystals  of  die  latter,  after  removing  the  mother  liquor  by  suction-filtration  and  washing 
widi  2  ml  of  water,  were  dried  in  a  vacuuni-dcsiccator  over  sulfuric  acid.  The  yield  of  the  pure  nitrate  was 
10.52  g  (95'’/.). 

SUMMARY 

1.  A  method  was  developed  for  the  preparation  of  the  nitrates  of  tetrasubstituted  phosphonium  and 
arsonium  bases  from  either  the  chlorides  or  bromides  and  ammonium  nitrate  without  resorting  to  the  use  of 
sil'.er  compounds. 

2.  Triphenylbenzylphosphoniuin,  tetraphenylphosphoniuni  and  triphenylbenzylarsonium  nitrates  were 
obtained  in  respective  yields  of  93.9,  96.1  and  95%. 
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SYNTHESES  IN  THE  CYCLOPENTANONECARBOXYLIC  ACID  SERIES 


V.  G.  Yashunsky  and  V.  F.  Vasilyeva 


[  1  -  (3- MediyI-2-carboxymethyI)-cycIopentyI-4*- valeric  acid  (I),  serving  as  tlie  starting  compound 
for  the  synthesis  of  some  l,4-dimethyI-7-aIkyIazuIenes,  is  a  very  difficultly  available  substance  [1],  It  seemed 
of  interest  to  attempt  its  synthesis  from  adipic  acid,  proceeding  by  the  scheme  proposed  by  F.  Sorm  [2]  for 
the  preparation  of  [l-(2-carboxymethyl)-cycIopentyI]-4’-butyric  acid  (11); 


I 


/ 


CH., 

I 

CHCHXH2COOH 

-CH2COOH 


CH;,  (I) 


I - .-CHaCHyCHaCOOH. 

•^J-CHaCOOH 

(ID 


To  obtain  (I)  we  proposed  the  following  series  of  transformations: 


CHj 

I 

CH2 

^CH.COOH 


I  I 

Y 

o 


-COOC2H5  CH.-'.^y-COOCoH 

I! 

o 

(HI) 


CH, 


CH3-! 


/CHCH2CH.,C00C2H5  — !  .  . 

/  CH3-'  J-CHCH2CH2COOC2H.-i 


^  ^lj^\COOC2H5 
o  (IV) 


1,-Q- 


CH;, 


O 


(V) 


CHi 


CHi-L  y-CHCH2CH2COOC2Hr.  — ►  (I). 


X, 


CN 

^COOCaHs  (VI. 


Proceeding  from  diethyl  adipate  by  tlie  described  method  [3],  we  prepared  ester  (  III)  and  condensed  it 
with  ethyl  y-bromovalerate.  Here  the  yield  of  the  keto  diester  was  small,  apparently  due  to  ihe  low 
reactivity  shown  by  the  bromo  ester.  In  this  connection  we  attempted  to  synthesize  the  y-iodovalerate  from 


307 


tlie  y-clilorovalcratc  by  trcatineiit  of  llic  laucr  with  sodiiini  iodide  in  alcohol  and  acetone  solution,  witliout 
however  obtaining  any  jxisitive  results.  Our  experiments  again  confirmed  the  validity  of  the  data  [4]  relative 
to  tlie  low  lability  of  a  halogen  atom  found  at  a  secondary  carton  atom  In  the  /-position  to  tlie  ester  group. 

We  were  able  to  add  a  side  chain  to  ester  (111)  by  using  the  ethyl  ester  of  y-bromo-  B -ethylacrylic 
acid  (VII),  in  which  tlie  bromine  atom  is  more  labile  due  to  the  presence  of  tlie  double  bond  in  tlie  allyl 
position. 

The  unsaturated  ester  (VII)  was  obtained  by  the  reaction  of  brornosuccinimide  witli  etliyl  6 -ethylacrylate 
in  tlie  presence  of  ben;:oyl  peroxide.  The  condensation  of  esters  (III)  and  (VII)  enabled  us  to  obtain  the  un- 
satnrated  keto  diester  (VIll)  in  74.2  7<>  yield,  which  by  hydrogenation  was  converted  to  ester  (IV),  and  then  by 
saponification  and  esterification  to  ester  (V).  •  However,  the  latter  ester  was  obtained  in  a  better  yield  and 
in  purer  fomi  from  (VIII)  via  tlie  same  steps,  but  in  a  different  order,  and  specifically;  saponification, 
esterification  and  hydrogenation; 


CH, 

I  “I  I 

CHCH  CHCOOC2H-, 

Y  ^COOC  .H;, 

O  (vnij 


I  -  I  CH, 

I  ' 

J-CHCH^CHCOOCgH, 

\/  * 

II 

O  (IX) 


(V). 


The  next  step  —  the  condensation  of  ester  (V)  with  cyanoacetic  ester  in  the  presence  of  potassium 
ethylate  —  proceeded  in  very  small  yield,  probably  as  tlie  result  of  the  sharply  reduced  reactivity  shown  by 
the  keto  group  of  the  cyclopentanone  nucleus  due  to  the  presence  of  substituents  on  both  of  the  a -carbon 
atoms,  one  of  which  is  secondary. 

Analysis  of  the  condensation  product  of  cyanoacetic  ester  with  (V)  confirmed  the  fact  that  we  had 
obtained  the  desired  cyano  diester  (VI). 

The  unpromising  results  of  the  experiments  on  the  reaction  with  cyanoacetic  ester  caused  us  to  dis¬ 
continue  furtlier  work  on  the  synthesis  by  the  selected  scheme. 

EXPERIMENTAL 

Esters  of  y  -  H a lo  va  ler  i c  Acids.  Ethyl  y-bromovalerate  was  prepared  from  y-valerolactone 
fC],  b.  p.  88-90°  (at  10  nim)  and  1  .4.'i22;  ethyl  y-chlorovalerate  was  obtained  in  a  similar  manner, 
b.  p.  73*  (at  8-9  mm). 

A  solution  of  25  g  of  ethyl  y-chlorovalerate  and  30  g  of  Nal  in  125  ml  of  acetone  was  heated  at  the 
boil  for  G  hours,  Tlie  reaction  mixture  was  poured  into  water,  the  oil  extracted  with  ether,  dried  over  CaClj, 
and  distilled.  We  obtained  23,7  g  of  substance  with  b.  p.  75-90"  (at  9  mm). 

Literature  data;  ethyl  y-chlorovalerate  —  b.  p.  71-73*  (at  9  mm),  corresponding  iodo  ester  —  b.  p. 
102.5*  (at  10,5  mm),  and  the  broino  ester  —  b.  p.  88-90*  (at  11  nim)  |  G,  7]. 

Ethyl  8  -  E  th  y  la  cr  y  la  te  was  obtained  by  the  method  of  Canonica  and  Bacchetti  [8],  A  mixture 
of  IGO  g  of  propionaldehyde,  375  g  of  the  potassium  salt  of  the  half-ester  of  malonic  acid,  250  g  of  pyridine 
hydrochloride  an  280  ml  of  dry  pyridine  was  heated  lor  7  hours  on  the  water  bath.  The  mixture  after  cooling 
was  poured  into  2  liters  of  cold  lO^o  hydrochloric  acid,  tlie  oil  separated,  and  the  water  layer  extracted  with 
ether.  Distillation  gave  1G3  g  (57.77o,  based  on  the  potassium  salt)  of  ethyl  6 -ethylacrylate  with  b.p. 
152-158*. 


•  At  tlie  time  when  the  present  study  was  nearly  finished  a  comnuinication  appeared  [5],  in  which  a  similar 
scheme  for  die  preparation  of  |  l-(2-cartoxymethyl)-cyclopentyll-4'-valeric  acid  was  briefly  described. 
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1 _ y  ~  8-clliyl.irryl;ttc  (VII).  A  mixture  of  100  g  of  ctliyl  B  -eihylacrylate, 

2".^  g  of  freshly  prepared  bromosiici'iiiimidc  and  1.,')  g  of  benzoyl  peroxide  in  800  ml  of  dry  carbon  tetra¬ 
chloride  was  licated  at  the  boil  fpr  2  hours.  The  succinimide  obtained  on  cooling  was  filtered  and  washed 
witli  carlxju  tetrachloride,  'llic  filtrate  was  mixed  witli  400  ml  of  ether,  washed  with  water  (twice  witli  bO  ml 
portions),  and  dried  over  fused  magnesium  sulfate.  The  residue  obtained  after  distilling  off  die  solvent  was 
distilled  under  reduced  pressure,  and  here  two  fraclions  were  collected: 

1st  fraction,  7.^^  g,  b.  p.  ()4-(;8“  (at  28  mm),  lieing  unreacted  ester;  2nd  fraction,  190  g  (73A^o  ),  b.  p. 
8r>-92*  (at  4  mm),  being  tlie  y-bromo-  B -etliylacrylate. 

1-ound  <yo:  C  40.70;  11  0.47;  Br  38.70.  CTlIupjBr.  C:alculated  C  40.06;  H  5.35;  Dr  38.56. 

Ethyl  3-Methyl-2-cyclopentanone-I-carboxylate  (III)  [3].  Diethyl- cc-mediyladipate 
(57.4  g),  obtained  by  die  mcthylation  and  subsequent  ciea\Mg*e  of  ethjT 2-cyc.lopentanone- 1-carboxylate,  was 
gradually  added  witli  stirring  to  a  suspension  of  0.5  g  of  metallic  sodium  in  170  ml  of  boiling  toluene.  The 
congealed  reaction  mass  was  heated  for  another  hour  at  130-140’,  and  die  next  day  was  decomposed  with 
dilute  acetic  acid.  The  toluene  layer  was  separated,  the  water  layer  extracted  with  toluene,  and  the  combined 
toluene  solution  dried  over  fused  magnesinni  sulfate.  The  oil  remaining  after  distilling  off  the  solvent  was 
distilled  under  reduced  pressure.  We  obtained  33.4  g  (74%)  of  ethyl  3-methyl-2-cyclopentanotie  -l-carbocy- 
late  with  b.  p.  109’  (12  mm).  Literature:  b.  p.  108-109’  (13  mm). 

Condensation  of  tfie  Ethyl  Esters  of  y-Bromovaleric  and  3-Methyl-2-cyclo- 
pentanone  -  1-carboxylic  Acids.  To  1.17  g  of  finely  divided  metallic  sodium  in  30  ml  of  boiling 
toluene  with  tirring  and  heating  was  added  8.5  g  of  (III),  then  after  lieating  for  3  hours  7  g  of  the  y-bromo- 
valerate  was  added  at  one  time,  and  the  reaction  mixture  was  heated  for  anotlier  14  hours  at  130-140’.  After 
decomposing  with  water  the  aqueous  layer  was  extracted  with  e  ther.  The  combined  e titer -toluene  solution 
was  washed  with  water,  dried  over  magnesium  sulfate,  and  distilled.  The  Jst  fraction,  14.4  g,  b.  p.  90-130° 

(at  1  mm),  was  a  mixture  of  tlie  starting  esters;  the  2nd  fraction,  0.32  g,  b.  p.  130-131’  (at  1  mm),  was 
apparently  tlte  condensation  product. 

Condensation  of  the  Clliyl  Esters  of  3-Methyl-2-cyclopentanone-l-carboxylic 
and  y  -  B  ro  m  o  -  8  -  e  th  y  1  a  c  r  y  1  i  f  Acids.  To  a  solution  of  sodium  alcoholate  cooled  to  -  17°, 
prepared  from  24.7  g  of  metallic  sodium  and  470  ml  of  anhydrous  etliyl  alcohol,  was  added  in  two  portions 
with  stirring  a  cooled  solution  of  182.2  g  of  ethyl  3-methyl-2-cyclopentanone-l-carboxylate.  After  stirring 
at  this  temperature  for  2  hours  244.2  g  of  ethyl  y-bromo-fi -ethylacrylate  was  added  in  one  portion,  and 
the  stirring  was  continued  for  another  3.5  hours.  The  reaction  mixture  was  let  stand  overnight  at  room 
temperature,  the  alcohol  distilled  off  under  reduced  pressure,  and  the  residue  decomposed  with  water.  The 
water  layer  was  extracted  with  benzene,  and  the  combined  benzene  solution  .was  washed  with  10%  H2SO4, 
NailCOs  solution,  water,  and  dried  over  fused  MgS04.  Distillation  under  reduced  pressure  gave  235  g  of 
ethyl  f  l-(3-nietliyl-l-carbellioxy)-2-cyclopentanone]-4'-penten-2*-oate(VIII). 

B.  p.  150-154’  (  and  0.5  mm),  1.4732,  1.0800,  MRp)  77,00;  calc.  76.74. 

bound  %:  C  65.04;  II  8.05.  f:,6H24C5.  Calculated  %:  C  64.84;  H  8.16. 

Ethyl  fl-(3-Methyl)-2-cyc.lopentanone]-4'-penten-2'-oate  (IX).  220  g 

of  tlie  alx)ve-obtained  ester  (VIII),  36()  ml  ol  concentrated  hydrochloric  acid  and  360  ml  of  glacial  acetic 
acid  was  boiled  for  8  hours  in  an  oil  bath.  Tlie  residue  after  evaporation  under  reduced  pressure  was  ueated 
with  NallCOj  solution  until  alkaline,  washed  with  ether,  acidified  until  acid  to  c:ongo,  and  extracted  with 
etlier.  The  ether  was  distilled  off,  and  the  residue  was  heated  under  reflux  with  one  liter  of  a  3%  hydrogen 
chloride  solution  in  anhydrous  ethyl  alc:ohol.  The  usual  treatment  gave  105.7  g  (63.5%,  based  on  VIII)  of 
ethyl  [ l-(3]methyl)-2-cyclopentanone]- 4* -pcntcii*2' -oate  with  b.  p.  123"  128’  (at  0.7  mm). 

round  %:  C  69.54;  II  8.90.  CulIznlV  Calculated  %;  C  69.62;  II  8.99. 

E  t  ii  y  1  I  1  -  (  3  -  M  e  t h  y  1  -  I  -  c  a  r  b e  t h o  X  y  )  -  2  -  c  y  c  1  o  p eii  t  a  11  o n  e ]  -  4  *  -  v  a  1  crate  (IV).  A 
solution  of  54  g  of  the  unsaturated  keto  diester  (VIH)  in  100  ml  ol  ethyl  alcohol  was  hydrogenated  at  room 


temperature  and  atmospheric  pressure  with  5  g  of  l(V’/i  Pd/ CaCOs.  After  P.4  liours  tlie  hydrogen  absorption 
was  3905  ml  (calculated  for  theory  4700  ml  Hj).  Distillation  gave  41.4  g  (76"/())  of  ethyl  |  l-(3-methyl-  1- 
carbetIioxy)-2-cyclopentanone]-4'-  valerate  witli  b.p,  145-150“  (at  0.35  rnm). 

Ethyl  [  1 -( 3 -M  e  thy  1 )- 2  -  cy  c  lopen  tanone] -4  ’  -  va  ler  a  te  (V) 


A.  Ethyl  [l-(3-methyl)-2-cyclopentanone]-4'-penten-2’-oate  (IX)  was  hydrogenated  in  ethyl  alcohol 
with  10*7,1  Pd/CaCOj  in  the  same  manner  as  before.  The  etliyl  [l-(3-methyl)-2-cyclopentanone]-4*-valerate 
was  obtained  in  73‘’/i  yield;  b.  p.  122.5-124.5*  (at  0.5  mm). 

Semicarbazone,  m.  p.  151-152*  (from  40%  ethyl  alcohol). 

Found  %:  C  58.88;  H  8.93.  C14H25O3N3.  Calculated  %;  C  59.33;  H  8.89. 

B.  Ester  (IV)  (43.4  g)  was  saponified  with  a  mixture  of  hydrochloric  and  acetic  acids  (8  hours)  and  the 
acid,  without  being  distilled,  was  esterified  with  a  3%  alcoholic  solution  of  hydrogen  chloride.  Two 
distillations  gave  16.9  g  of  substance  with  b.  p.  128-140*  (at  0.4  mm). 

Condensation  of  Ethyl  [  1  -  (3 -M  e  th  y  1 )  -  2  -  c  y  c  lopen  ta  none]  -  4  ’  -  v  a  le  r  a  te  With 
Cyanoacetic  Ester.  A  mixture  of  26.15  g  of  ethyl  [l-(3-methyl)-2-cyclopentanone]-4’-valerate 
(obtained  by  method  A)  and  the  potassium  derivative  of  cyanoacetic  ester,  prepared  from  23.1  g  of  cyano¬ 
acetic  ester,  7.95  g  of  potassium  and  100  ml  of  anhydrous  ethyl  alcohol,  was  let  stand  for  12  days  at  room 
temperature.  Then  the  reaction  mixture  was  poured  into  cooled  dilute  sulfuric  acid,  extracted  with  ether, 
the  ether  extract  washed  with  soda  solution,  then  with  water,  and  dried  over  fused  MgSO^  ,  Fractional 
distillation  gave  3.47  g  of  substance  with  b.  p.  169-175"  (at  0.5  mm);  redistillation  of  this  fraction  gave  an 
oil  (1.78  g)  with  b.  p.  175-178*  (at  0.7  mm). 

Found  %;  c  66.86;  H  8.40;  N  4.62.  Ci,H2704N.  Calculated  %:  C  67.26;  H8.47;  N  4.36. 

SUMMARY 

Ethyl  [l-(3-methyl)-2-cyclopentanone]-4’-valerate  was  obtained  via  a  number  of  steps.  Its  condensa¬ 
tion  with  cyanoacetic  ester  proceeds  in  small  yield,  apparently  due  to  the  reduced  reactivity  shown  by  the 
keto  group. 
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STUDY  OF  THE  STRUCTURE  OH  THE  TRITERPENE  ALCOHOL 
ZEORIN 

A.  A,  Ryabinin  and  L.  G.  Matyukhina 


Zeorin,  a  substance  synthesized  by  many  lichens,  was  discovered  in  1876  [1].  By  means  of  a  number 
of  investigations  [2-4]  it  was  established  that  zeorin  is  a  saturated  alcohol  with  the  composition  CjoHs^Oj. 
belonging  to  the  group  of  pentacyclic  triterpenes.  The  zeorin  molecule  conuins  two  hydroxyl  groups;  a 
secondary  OH  that  is  found  in  the  six-membered  ring,  and  a  tertiary  OH  that,  according  to  Barton  and  Bruun 
[4],  is  found  in  one  of  the  rings  at  tlie  carbon  atom  attached  to  the  methyl  group. 


(»  \  /  nn) 


I 

CH, 

(11) 

This  postulation  was  based  on  the  formation  of  two  isomers  in  the  dehydration  of  zeorin  (I)— zeorinin 
(II)  and  isozeorinin  (III).  A  study  of  the  spectra  of  diese  substances  revealed  that  (II)  has  either  a  tri-  or 
tetrasubstituted  double  bond,  while  (III)  has  a  vinylidene  group.  Isozeorinin  is  converted  to  zeorinin  under 
the  influence  of  acids. 

The  complexity  of  establishing  the  structure  of  zeorin  is  associated  with  tlie  absence  in  its  molecule 
of  a  hydroxyl  group  on  the  second  carbon  atom  and  of  a  double  bond,  both  of  which  are  usually  found  in 
triterpene  compounds  of  a  similar  nature.  This  circumstance  prevents  its  conversion  into  one  of  the  numerous 
substances  of  the  given  group  with  a  known  structure.  The  saturated  hydrocarbon,  obtained  from  zeorin, 
proved  to  be  new. 

In  our  investigation  we  attempted  to  expand  the  existing  information  on  the  structure  of  zeorin  by 
making  a  study  of  tlie  products  of  its  destructive  oxidation.  We  obtained  zeorin  from  a  new  source,  and 
some  of  tlie  differences  in  its  properties  when  compared  witli  tliose  described  in  the  literature  made  necessary 
its  complicated  identification  by  tlie  method  of  preparing  a  number  of  derivatives,  A  comparison  of  tlie 
constants  given  in  Table  1  reveals  that  this  identification  was  achieved. 

The  oxidation  of  zeorin  v/ith  chromic  acid  at  room  temperature  or  at  40-60®  resulted  in  the  cleavage 
of  acetone,  the  amount  of  which  was  as  high  as  0.68  mole.  The  other  decomposition  product,  isolated  in 
0.3  mole  amount,  proved  to  be  the  previously  unknown  acid  C27II.KO4  with  m,  p.  244-246®  (cor.),  |  -  3.8®. 
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This  acid  has  one  active  keto  group  and  forms  the  monosemicarbazone  witli  m.  p.  226*  (decompn.,  cor.). 

Its  methyl  ester  melts  at  147-148*,  fotlj)  -  1.1*:  it  does  not  contain  an  active  hydrogen,  as  determined  by 
die  TsereviUnov  metliod.  The  infrared  spectrum  of  diis  substance  shows  absorption  maxima  at  1706  and 
17.70  cm—  1*  The  first  of  them  is  associated  widi  the  presence  of  a  keto  group  in  the  six-mem bered  ring, 
and  the  second  characterizes  a  keto  group,  located  either  in  the  five-membered  ring  or  the  ester  group. 

The  conditions  used  to  obtain  die  acid  and  die  absence  in  its  molecule  of  a  tertiary  hydroxyl  determine 
die  function  of  the  second  oxygen  atom  as  being  an  inactive  keto  group.  Such  a  keto  group,  not  entering  into 
the  usual  reactions,  is  formed  in  the  oxidation  of  the  secondary  hydroxyl  group  found  in  zeorin,  which  was 
shown  by  Barton  and  Briinn,  and  confirmed  by  us. 

As  a  result,  die  oxidation  of  zeorin  leads  to  die  cleavage  of  acetone,  the  disappearance  of  the  tertiary 
hydroxyl  group,  and  die  formation  of  an  active  keto  group.  All  of  diis  leads  to  the  postulation  that  zeorin 
contains  an  isopropyl  group,  to  which  the  tertiary  hydroxyl  group  is  attached  (either  IV  or  V).  Consequently, 
one  of  the  rings  in  zeorin  should  be  five-membered. 


\ _ / 

/I  \_ 

OH 

(IV) 


3  >-<7} 


OH 

(V) 


This  postulation  was  supported  by  the  following  study.  The  oxidation  of  zeorin  monoacetate,  in  which 
the  secondary  hydroxyl  group  is  acylated  [4],  gave  the  same  yield  of  acetone  as  was  obtained  from  zeorin. 
Consequently,  the  cleavage  of  the  isopropyl  group  is  not  associated  with  the  oxidation  of  that  fKirtion  of  the 
molecule  containg  the  secondary  hydroxyl.  The  oxidation  with  chromic  acid  or  permanganate  and  the 
ozonolysis  of  the  dehydration  product  of  this  acetate  -  acetylzeorinin,  in  which  the  tertiary  hydroxyl  group 
had  been  eliminated,  did  not  lead  to  the  formation  of  acetone. 

Further  observations  made  it  jxissible  to  choose  between  formulas  (IV)  and  (V).  The  ozonolysis  of 
zeorinin  acetate  gave  us  0.04  mole  of  formaldehyde  and  a  crystalline  ozonide  C32H52O5  with  m.  p.  196-19T 
(decompn.,  cor.)  was  isolated;  on  prolonged  heating  the  m.  p.  was  191-196“  (decompn.  cor.).  This  ozonide 
is  not  decomposed  when  boiled  with  water,  whereas  under  the  same  conditions  the  ozonides  formed  from 
isopropylidene  and  vinylidene  groups  cleave  either  acetone  or  formaldehyde,  respectively.  Stable  ozonides 
are  characteristic  for  the  double  bonds  of  condensed  hydrcaromatic  rings.  The  formation  of  an  endocyclic 
double  bond  in  tlie  dehydration  of  zeorin  supports  structure  (V).  However,  this  is  refuted  by  the  formation  of 
formaldehyde  in  the  ozonolysis,  indicating  the  presence  of  a  small  amount  of  zeorinin  isomer  with  a  vinylidene 
group.  The  formation  of  this  isomer  (isozeorinin),  as  indicated  above,  was  also  observed  by  Barton  and  Bruun. 
The  contradiction  will  be  eliminated  if  it  is  assumed  that  zeorin  has  the  partial  formula  (IV),  and  diat  its 
transformation  into  zeorinin  is  associated  with  dehydration  and  rearrangement.  Such  a  rearrangement  proceeds 
very  easily  under  the  influence  of  mineral  and  formic  acids  in  the  lupeol  group  (VI)  and  leads  to  an  expansion 
of  ihe  ring  at  the  expense  of  the  isopropcnyl  group  and  the  creation  of  an  endocyclic  double  bond  (VII)  [S]. 

The  formation  of  zeorinin  and  the  transformation  of  isozeorinin  into  zeorinin  proceed  under  completely  similar 
conditions. 
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Zeorin 

j  Melting 

1  point  .  . 

j  iM/j*  •  • 

Zeorin 

(Melting 

acetate 

1  point  .  . 

!  [*]„.  .  . 

Zeorinin 

( Melting 

C;:oH5oO 

1  point .  . 
1  [aJo  .  .  . 

Zeorinin 

/  Melting 

acetate 

{  point ,  . 

^.n2^.''>202 

1  [aJo  .  .  . 

Zeorinone 

Melting 

'^.SoH.-4)02 

point .  . 

Zeorininone 

Melting 

point .  . 

Desoxyzeorin 

[  Melting 

acetate 

point .  . 

C;,2Hr,402  ' 

1  [“Id  •  .  . 

Literature  data  j 

1 

Ml  i 

Our  data 

253'^ 

•-101.4" 

(pyridine) 

223-227° 

1  54° 

223.5—227.5°  (cor.) 

1  55°  (c  =  1.26) 

1  •  57°  (c  —  0.59)(  pyridine) 

225—227° 

225—230° 

-•-78° 

220—223°  (cor.) 

.  78°  (c:^=3.08) 

181—183° 

1  50.00° 

179-183° 

-1-59° 

177-184°  (cor.) 

•  55°  (c  =  o.94) 

1 

197—200° 

1 

200—205° 

1-70° 

191.5—196°  (cor.) 

4-69°  (c  =  2.19) 

- 

239—245° 

251— 254'  (cor.) 

184° 

177-178^ 

1 

173-177°  (cor.) 

182—183° 

202—203° 

-4  51° 

189-192°  (cor.) 

4-41°  (c  =  0.24) 

The  partial  formulas  (IV),  (VII)  and  (VI)  for  zeorin,  zeorinin  and  isozeorinin  agree  with  all  of  the 
known  experimental  facts. 

Our  study  of  zeorin  is  being  continued. 

We  are  deeply  Indebted  to  Prof.  V.  P.  Savitch,  K.  A.  Rassadina  and  E.  N.  Moiseeva  for  the  botanical 
determinations  and  for  supplying  us  with  material  for  our  studies. 

EXPERIMENTAL 

1.  Isolation  and  Identification  of  Zeorin.  The  ground  lichens  Cladonia  deformis 
Hoffm.  were  extracted  with  boiling  chloroform.  The  crystalline  precipitate  obtained  from  the  evaporation 
of  this  solution  was  freed  from  usninic  acid  by  treatment  with  aqueous  alkali  and  repeated  recrystallization 
from  dioxane.  The  yield  of  zeorin  was  0.235'o. 

Zeorin  acetate,  zeorinin  and  Its  acetate,  zeorininone,  zeorinone  and  desoxyzeorin  acetate  were 
obtained  by  the  methods  used  by  Barton  and  Bruun.  The  properties  of  all  of  these  substance  are  given  in 
Table  1.  The  analyses  agreed  with  the  given  molecular  formulas. 

2.  Acid  C27H42O4.  A  slurried  suspension  of  13.3  g  of  zeorin  in  325  ml  of  glacial  acetic  acid 
was  slowly  treated  with  concentrated  chromic  acid,  prepared  from  12  g  of  chromic  anhydride.  After  the 
oxidation  had  slackened,  the  remainder  of  the  chromic  acid  was  added  and  the  reaction  continued  at  55*. 
After  diluting  with  water,  several  milliliters  of  hydrochloric  acid  was  added,  and  the  product  extracted  with 
ether.  The  ether  extract  was  washed  with  water,  and  the  acids  were  put  into  solution  with  potash  and  then 
precipitated  with, hydrochloric  acid.  The  dried  mixture  of  acids  was  dissolved  in  the  minimum  amount  of 
10%  potassium  hydroxide  solution  and  methanol,  filtered,  acidified  with  an  alcohol  solution  of  hydrogen 
chloride,  and  the  obtained  acid  separated. 

The  neutral  fraction  of  substances,  remaining  In  die  ether,  was  again  oxidized  with  4  g  of  chromic  an¬ 
hydride  under  the  same  conditions  as  before;  here  some  more  of  the  acid  was  obtained.  The  total  yield  of 
acid  was  3.9  g.  After  recrystallization  from  dioxane,  m.  p.  244^46",  [  a]^  —3.8"  (c  =  1.41). 

•  If  the  solvent  is  not  indicated,  all  of  the  [otJo  values  given  in  this  paper  were  determined  in  chloroform 
solutions. 
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Pound  «Jox  C  75.23,  75.25.  75.32.  75.36;  H  9.70,  9.71,  9.73,  9.89.  C27II42O4.  Calculated  C  75.30; 

H  9.83. 

After  separating  the  precipitate  of  acid  C27ll42^4  alcohol  solution  was  diluted  with 

water;  here  a  substantial  amount  of  amorplious  acids  separated,  the  separation  of  which  we  were  unable  to 
effect. 

The  metliyl  ester  of  the  acid  was  obtained  by  treatment  with  diazomethane  in  ether  solution,  and  also 
by  boiling  a  solution  of  tlte  acid  in  a  mixture  of  methanol  and  sulfuric  acid.  After  recrystallization  from 
methanol  It  melted  at  147-148*  (cor.),  f  a]p  —  1.1*  (c  =  0.71). 

Found  C  75.49,  75.53,  75.40;  H  9.85,  9.99,  9.79.  C2,H4404.  Calculated  C  75.63;  H  9.97 

Analysis  of  the  silver  salt  of  the  acid.  Found  <70:  C  60.30,  60.27;  H  7.79,  7.72; 

Ag  19.98,  19.84.  C27H4i04Ag.'criciilated  ”]ox  Clo733;  H'7.69;  Ag  20.07. 

The  monosemicarbazone  was  obtained  after  10-day  standing  of  a  solution  of  the  acid  and  semicarbazide 
hydrochloride  in  pyridine. 

Found  %:  N  8.73.  CaH45N304.  Calculated  <70;  N  8.62. 

3.  The  Oxidation  of  Zeorin  and  Its  Derivatives  With  Chromic  Acid  was 
achieved  by  either  dissolving  or  suspending  them  in  acetic  acid.  Th^acetone  was  steam -distilled  and 
identified  either  as  the  p-nltrophenylhydrazone  or  as  the  2,4-dinitrophenylhydrazone  (Table  2). 


TABLE  2 


Substance 

1  Amount  (in  g)  | 

Oxidation 

temperature 

Yieid  of  acetone 
(in  moles  from 

1  mole  of 
substance) 

Substance 

1 

Chromic 

anhydride 

Zeorin . 

4.44 

3.0 

42-  44* 

0.68 

Zeorin . 

0.50 

0.25 

20 

0.23 

Zeorin  acetate . 

4.10 

1.7 

65-66 

0.54 

Zeorinin  acetate . 

0.45 

0.2 

53 

0 

The  oxidation  of  zeorinin  and  of  its  acetate  with  potassium  permanganate  in  acetic  acid  led  to  the 
formation  of  neither  acetone  nor  formaldehyde. 

4.  Zeorinin  Acetate  Ozonide.  1)  A  mixture  of  0.67  g  of  the  acetate  and  30  ml  of  glacial 
acetic  acid  was  treated  with  a  stream  of 'O'/o  ozone  at  20*  for  2  hours.  Then  the  mixture  was  diluted  with 
water  and  boiled  for  an  hour.  The  volatile  substances  were  steam -distilled..  The  presence  of  acetone  in 
the  condensate  could  not  be  shown.  Formaldehyde  was  isolated  as  the  dimedone  compound  (0.011  g),  which 
was  identified  by  the  mixed  melting  point  test.  After  removal  of  the  volatile  substances  by  distillation  the 
remaining  ozonolysis  products  were  extracted  with  etlier.  Recrystallization  from  an  alcohol -benzene  mixture 
gave  0.16  g  of  the  ozonide. 

2)  Zeorinin  acetate,  dissolved  in  carbon  tetrachloride,  was  ozonized  under  the  same  conditions  as 
before.  The  solv.ent  was  vacuum -distilled  at  room  temperature.  The  crystalline  precipitate,  washed  with 
a  small  amount  of  etlier,  proved  to  be  identical  with  the  ozonide  obtained  earlier.  The  melting  point  of 
tliis  substance  was  196-197*  (decompn.,  cor.);  on  prolonged  heating  it  melted  at  191-196*.  The  ozonide 
colors  sulfuric  acid  a  bright  yellow. 

Found  <7o:  C74.22,  74.22,  74.46;  H  10.05,  10.15,  10.15.  CaHgjOs.  Calculated  %t  C  74.37;  H  10.14. 
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SUMMARY 


The  destructive  oxidation  of  tlie  trlterpene  alcohol  zeorin  was  studied.  The  presence  of  an  isopropyl 
group  was  established  connected  to  a  pentacycllc  system,  and  also  the  probable  position  of  the  tertiary 
hydroxyl  group.  A  new  Interpretation  was  proposed  for  the  transformations  of  zeorin  into  zeorlnin  and  iso- 
zeorinin,  and  also  of  isozeorinln  into  zeorlnin, 
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SOME  REACTIONS  OF  HALOSTACIIINE 


G.  M;  Borodina 


As  a  supplement  to  a  previous  communication,  published  earlier  [1],  we  describe  here  some  of  the 
synthesis  reactions  of  halostachine  (phenylmethylaminomethylcarbinol).  The  reactions,  run  with  both  of 
the  optical  isomers  of  halostachine,  were  the  following: 


CuH^CHCHaNHCHi  NOaCnH^CHCHaNHCHa  — 

I  HjSOi  I 


OH 


OH  (I) 


NHaC6H4CHCH2NHCH:,  N=NC„H4CHCH,NHCHn 

I  HCI  I  I 


OH  (II) 
0-'naphthol 


Cl  OH 


rHOH)C,oHcN=NC6H4CHCHj,NHCH.,. 

I 

(IM)  OH 


The  nitration  reaction  was  run  by  the  modified  method  described  for  the  nitration  of  racemic  phenyl- 
alkylaminomethylcarbinols  [2].  The  I-  and  d-nitrophenylmethylaminomethylcarbinols  were  isolated  as  the 
hydrochlorides  and  were  reduced  in  the  presence  of  palladium -on- carbon  to  the  corresponding  I-  and  d-amino- 
phenylmethylamlnoethylcarbinols  (II).  In  view  of  their  instability  the  hydrochlorides  of  the  I  -  and  d-amino- 
phenyhoethylaminometliylcarbinols  were  diazotized  without  their  previous  isolation.  The  obtained  diazo 
compounds  were  coupled  witli  6-naphthol  by  the  Fierz-Davld  method  [3]. 

The  position  of  die  nitro  group  in  the  ring  with  respect  to  the  carbon  chain  of  the  I-  and  d-  nitrophenyl- 
methylaminomethylcarbinols,  the  same  as  the  position  of  the  diazo-component  with  respect  to  the  0-naphthol, 
was  not  determined  by  us. 

However,  the  data  in  the  literature  [2-4]  indicate  that  in  nitration  of  phenylalkylaminoalkylcarbinols  the 
nitro  group  goes  predominantly  in  the  para -position,  since  the  solitary  or  chief  oxidation  product  of  the 
obtained  nitro  derivatives  is  p-nitrobenzoic  acid.  In  some  cases  the  m -isomer  was  also  isolated  in  die  nitration. 

The  hydrochlorides  of  the  1-  and  d-nitrophenylmethylaminomediyl  carbinols  (I)  obtained  by  us  has  a 
sharp  melting  point  (210-215*  for  both  antipodes),  which  indicates  the  absence  of  the  mixed  para-and  meta¬ 
isomers  in  diem. 

When  die  hydrochloride  of  Z-nitrophenylmethylaminomethylcarbinol  was  chromatographed  on  No.  1 
filter  paper,  using^a  butanol-water-acetic  acid  mixture  (50:50:1)  as  the  solvent  for  the  upper  layer,  it  was 
revealed  that  only  one  well-defined  stain  (Rj-  =  0.10)  is  present,  which  testifies  to  the  purity  of  the  described 
substance.  This  permits  us  to  postulate  that  in  the  nitration  of  I-  and  d-phenylmethylaminomediylcarbinols 
die  nitro  group  enters  chiefly  in  one  position,  and  in  this  connection  most  probably  in  die  para -position. 

As  regards  die  coupling  product  widi  0  -naphthol,  it  is  known  that  in  this  reaction  the  hydroxyl  group 
of  0 -naphthol  is  always  found  in  the  ortho- position  with  respect  to  the  diazo-component. 
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I  am  deeply  indebted  to  G.  P.  Menshikov  for  the  attention  devoted  to  the  present  study. 


EXPERIMENTAL 

Nitration  of  l-phenylniethylaminomethylcarbinol.  To  a  mixture  of  the  acids 
(G  parts  of  H2SO4  (8  l.Bdj  anTC  parti  oYTiN03, 7^X3 G)  for  1  part  of  base),  cooled  to  -  2  to  0",  was  slowly 
added  2.4  parts  of  tlie  base;  tlie  reaction  mixture  was  let  stand  at  -2  to  0*  for  4-5  hours,  after  which  it  was 
poured  into  300-350  g  of  ice  and  cautiously  neutralized  witli  30^0  poussium  hydroxide  solution  with  external 
cooling.  The  base  that  separated  here  was  extracted  witli  ether,  die  ether  solution  dried  over  potash,  and 
die  ether  distilled  off.  The  residual  light-yellow  oil  was  treated  with  an  alcohol  solution  of  hydrogen  chloride 
until  acid  to  Congo.  The  precipitate  of  the  1-nltrophenylmethylaminomethylcarbinol  hydrochloride  was 
separated  and  washed  widi  acetone.  Recrystallization  from  alcohol  gave  the  substance  as  colorless  crystals, 
m.  p.  214-215*,  weight  0.9  g,  [a]p  -44.09*  (c  =  7.28,  water). 

Found  <70;  Cl  15.29.  CjHnOjNiCl.  Calculated  <7o:  Cl  15.26. 

The  Nitration  of  d  -  pheny  Im  e  thy  1  am  i  nom  e  thy  Ic  a  r  bl  no  1  was  run  by  the  method 
described  for  die  levo  Isomer.  From  2.7  g  of  substance  we  obtained  0,95  g  of  d-nitrophenylmethylamlno- 
inethylcarbinol  hydrochloride  with  m.  p.  213  —  214*,  [a]p  +  43.81*  (c  =  8.24,  water). 

Found  ojoi  Cl  15.44.  CjHiaOjNjCl.  Calculated  <7o:  Cl  15.26. 

Reduction  of  1  -  ni  tro  phe  ny  Im  e  thy  la  m  I  nom  e  thy  Ic  ar  bi  no  1  Hydrochloride.  One 
gram  of  1-nitrophenyhnethylaminomethylcarbinol  (I)  in  30  ml  of  alcohol  was  hydrogenated  in  the  presence 
of  0.02  g  of  palladium  chloride  (2<7o  on  the  substance  weight)  and  0.05  g  of  activated  carbon  (5%  on  the 
substance  weight).  The  theoretical  amount  of  hydrogen  was  absorbed  in  30  minutes.  The  catalyst  was 
filtered,  and  the  alcohol  was  vacuum -distilled.  The  obtained  cinnamon-brown  residue  represented  impure 
1-aminophenylmediylaminomethylcarbinol  hydrochloride  and  was  used  as  its  water  solution  for  the  diazo- 
tization  reaction. 

Reduction  of  d  -  Ni  trophen  y  Im  e  thy  lam  i  nom  e  thy  1  car  bi  no  1  Hydrochloride  was 
run  bylHe  method  described  for  the  levo  isomer. 

Diazotization  of  Z  -  A  m  i  nophe  ny  Im  e  thy  la  m  i  nom  e  thy  1  c  ar  bi  no  1  Hydrochloride 
and  Couplin  g  o  f  i  -  Diazophenylmethylam  inom  ethylcarbinol  With  0-Naphthol. 

A  solution  of  0.95  g  of  Z-aminophenylmethylaminomethylcarbinol  in  12  ml  of  water  and  10  ml  of  10*7o hydro¬ 
chloric  acid  was  diazotized  widi  tire  calculated  amount  of  sodium  nitrite.  (0.32-0.33  g  ).  A  solution  of  0.68  g 
of  S-naphthol  and  1.2  g  of  sodium  carbonate  in  10-15  ml  of  water  (with  the  addition  of  1-2  ml  of  30%  NaOH) 
was  cooled  to  0*  for  coupling.  To  the  cold  alkaline  solution  of  8-naphthol  with  stirring  was  gradually  added 
tlie  soda -neutralized  solution  of  1-diazophenylmethylam  inom  ethylcarbinol.  A  red  amphorous  precipitate 
of  dye  (III)  deposited  immediately.  The  reaction  mixture  was  let  stand  for  an  hour  at  0-5*,  and  tnen  1  hour 
at  30*.  The  red  precipitate  was  filtered,  and  then  dissolved  in  O.IN  hydrochloric  acid  solution.  The  excess 
B-naphtliol  was  extracted  three  times  from  the  acid  solution  with  ether,  and  the  azo  dye  was  again 
precipitated  with  O.IN  sodium  hydroxide  solution.  After  standing  for  1  hour  the  precipitate  was  filtered, 
washed  with  water,  and  dried  in  a  vacuum -desiccator.  Weight  1.28  g.  The  substance  is  an  amorphous  red 
powder. 

Found  %;  N  12.77.  CjjHigOjNa,  Calculated  N  13,06. 

Diazotization  of  d  -  A  m  i  nophe  n  y  Im  e  thy  lam  i  nom  e  thy  1  ca  r  bi  nol  Hydrochloride 
and  Subsequent  Coupling  of  d- Dl  a  zop  he  ny  Im  e  thy  lam  i  nom  e  th  y  1  ca  r  bi  no  1  With 
fl  -  Naphthol  was  run  by  the  inetliod  described  for  the  levo  isomer.  From  1  g  of  d-aminophenylmetiiyl- 
aminometliylrarbinol  hydrochloride  we  obtained  1,37  g  of  azo  dye  (III). 

Found  %f.  N  12.67.  CigHuOzNa.  Calculated  %;  N  13.06. 


SUMMARY 


1,  The  nitration  of  Z  -  and  d-phenylmethylamlnomethylcarblnols  gave  the  1-  and  d-nitrophenylmethyl- 
anilnomethylcarblnols,  which  were  isolated  as  the  hydrochlorides. 

2.  The  catalytic  hydrogenation  of  the  I  -and  d-nitrophenylmethylaminomethylcarblnols  in  the  presence 
of  palladlum>on  carbon  gave  the  Z-  and  d-arninophenylmethylaminomethylcarbinol  hydrochlorides,  which 
were  dlazotized,  and  the  I  -  and  d-diazophenylmethylaminomethylcarblnols  were  coupled  with  B-naphthol 
to  yield  the  corresponding  azo  dyes. 
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